MIT/LCS/TR-153 


STRATEGY SELECTION IN MEDICAL DIAGNOSIS 


Peter B. Miller 


September 1975 


This blank page was inserted to preserve pagination. 


MAC TR-153 


Strategy Selection in Medical Diagnosis 


Peter B. Miller 


September 1975 


This research was supported by the National Institutes of 
Health, Department of Health, Education and Wel fare 
(Public Health Service) under Grant Number 1-R@1-MB-80187-81. 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
PROJECT MAC 


CAMBRIDGE MASSACHUSETTS 82139 


PAGE 2 
STRATEGY SELECTION IN MEDICAL DIAGNOSIS 
by 


Peter B. Miller 


Submitted to the Department of Electrical Engineering and Computer Science 
on August 11, 1975 in partial fulfiilment of the requirements for the 
Degree of Master of Science. 


ABSTRACT 


The recorded, verbal problem-solving behavior of doctors per forming 
the diagnostic task of taking a present i!tnees was analyzed in this 
research.. The goal of the analysis uas to discover what data-acquisi tion 
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CHAPTER 1 
INTRODUCTION 


"We're experts. We ask the right questions." 
------ Henry Block (of H. & R. Block) 


To begin, I ask that the reader imagine the following scene: A 
middle-aged woman enters a doctor’s office at a large metropolitan 
hospital. She tells the doctor that she has felt nauseous and has been 
vomiting. She also tells him that she has had abdominal pain and has had 
to urinate quite often during that time. The following dialogue ensues: 


DB: How long have you had the nausea and vomiting? 

P: For about three weeks. 

0: Did the nausea and vomiting start before the 
increased urination? 

P; They happened about the same time. 

D0: Did you have a burning sensation when you urinated? 

P: Yes I did. Almost all the time. 

D: Have you lost any weight during the past month? 

P: Yes, I’ve lost about ten pounds. 

D: Do you remember having any fever or chills? 

P: I’ve been having some bad chills? 

OD: Did your urine appear dark or bloody? 


P: No. 
OD: Do you have any pain in your side, in the flank 
area? 


Ps; Yes, on the left side. 


While the dialogue above is hypothetical, it is realistic enough to 
give a flavor of the kind of interchange that actually takes place in most 
instances when a doctor first encounters a patient. Doctors call this 


initial interview with a patient taking the present illness. This 


activity, the initial stage of data acquisition in the process of 
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formulating a diagnosis, is one in uhich virtually all dectors participate 
every day. By the end of the interview a doctor will have gathered enough 
information to guide him in making the necessary decivione In the 
management of the petient including further diagnostic procedures and 
initial therapeutic decisions. These decisions will be based, in large 
measure, on the diagnostic hypotheses formed in the process of taking the 
present illness. | | 

The motivation for the research I undertook wee the fundamental 
question that arises when one examines the process of taking the present 
iliness ~ What eon fe of the specific questi 


asked by the doctor? 


1.1 Methodology 


The method | chose to attack the fundamental question is to model the 
process of taking the present itiness. In the design of nodes of the 
clinical decisign-making process, two distinct approaches-have been used. 
The first, the normative approach, emphasizes the. developaent of models 
that are prescriptive. THe decisions made by a normative mode! are said 
(under certain assumptions) to be optimal decisions. If this is true, it 
is claimed that decisions ought to be made this way, disregarding the way 
that doctors make the same decisions. While in most cases no real claim of 
optimality can be made, the normative approach has had sone success in 


certain limited areas <Gorry 73>. 
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The second approach, the development of 3 Seseriptive model, is the 
one I chose to attack the fundamental question. A model Sates on this 
approach seeks to descr ibe the actual decision-making process of clinicians 
performing a problem-solving task such as diagnosis. The basis for the 
model I have developed is the recorded and transcribed verbal behavior of 
doctors taking a@ present il iness called a Bra toes . In the analysis of a 
protocol, the verbal behavior of the doctor ie seen as a record of the 
sequence of steps taken by the doctor in ‘tolving a ‘diagnostic problem. 

Protocol analysis has Geen used by different researchers in various 
problem domains. Newel! and Simon were among the first to apply this 
| technique to aid in the understanding of human probles solving <Newel! and 

Simon 72>. In the area of medical diagnosis, Kleinmuntz analyzed the 
protocols of naunoleoiete diagnosing eight areas of neurological disease 
and compared the per formance within different levels of. clinical exper ience 
Kleinmuntz 68>. Domba! examined the differential Slagnosis of abdominal 
pain again using clinicians with varying degrees of expertise <Domba! 73>. 
Recently, Rubin used protocol! analysis applied to a case of presenting 
hematuria as a basis for a mode! at hypotheate formation and verification 
<Rubin 74>. A comprehensive survey of protocol analysis and other “process 
tracing" ise thao uu has been compiled by Schulman aa Eistein <Schu! man 


and Elstein 74>. 
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1.2 Why Protoco! Analysis? 


An as yet unrealized goal of research into the diagnostic process is a 
comprehensive theory of how doctors obtain, assimilate and evaluate medical 
data - what Gorry has termed the process of clinical cognitions 

"The major reason that cognitive psychology has 

made relatively little progress with respect to under- 

standing behaviors as complex as that involved in clinical 

decision-making is because there was a serious shortage of 

ways to describe the more procedural aspects of that 

behavior." 

Thus there is a crucial |ink between our understanding of clinical behavior . 
and our ability to describe it. And further, it is my belief that our 
ability to replicate behavior in the form of competent programs that embody 
the level of exper tise found in highly-trained clinicians is predicated on 
our understanding of how doctors perform clinical tasks such as diagnosis 
in their day-to-day practice. | believe that protocol analysis is the best 
tool available for constructing descriptive models of clinical behavior as 
well as yielding a data base upon which to test theories of clinical 
cognition <Gorry 74>. 

An alternative to protocol analysis in deriving descriptions of a 
doctor’s problem-solving is introspection. In this approach, a doctor is 
asked to think about and report on how he solved a diagnostic problem. 
While this can also be a uséful tool, there are some serious drawbacks that 


forced me to reject it as an experimental approach. The major problem with 


introspection is validation. There is no way to confirm that the problem 
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Was actually solved by the doctor in the way that he described. In 
contrast, a protocol reveals each of the separate steps tsken by the doctor 
in his problem-solving process. Because introspection can yield useful 
insights, in the experiment | San fokbad the doctors were encouraged to 
report their current thinking about the problem in addition to asking for 


data. 
1.3 Goals of the Protocol Analysis 


The original question - the origin and reason for each question asked 
by the doctor - I felt was to broad and general to have any hope of my 
giving a complete or definitive ander. “Thetead, 1 have focused on one 
specific issue raised by this question - the datg-acguisition strategies 
used by the doctors. In particular, the goals I set for my analysis were 
the following: | 

1. Determining what strategies are used 
by doctors in the gathering of deta 
for the purpose of ‘diagnosis. 


2. Developing a model to. descr ibe these 
strategies. 


3. Including in this model a mechanism 
to describe the selertion of ‘@ particular. 
strategy. a 
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1.4 A Description of the Experiment 
1.4.1 Experimental Design and Constraints 


With the ald of Or. Jerome Kassiret, I selected a case history from 
the patient records of the Tufts-New England Medical Center. Each of the 
six doctors who participated in the experiment was given the following 
instructions: — = aE 


1. You will be presented with a case, initially 


starting with the. age, sex. and. chiaf complaints of 
the patient. | 


2. Blok wid take a editor seis et : 


A) i. Kassirer will. not. 5 ee rsindan 
the patient in le anewers to your 
questions. . Inste; 
‘question’ you ask al 
from the point of ia of a ane person. 
who knows ae much as can be known about 
the medical history of _ the. la 


B) The questions. you. ‘ask “should | 
specific aa peelele aeking | As “epacl fle 
tacts. General tions suchas 
“that complaints did the patient. have 
the past?" will not be ansuered. ; 


C) When you ask a ton é Brovic 
a réason for Poo jet vee eH 


D) You are to tell what you learned from 
the answer to the question. You should also 
report any hypotheses you are considering. 


E) When you feel satisfied that you have 
reached a final diagnosis or feel you have 
gone as far as you can, you can stop asking 
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questions and summarize the case. 


The entire dialogue was recorded and transcribed. Of the six doctors 
who participated in the experiment, four were renal Fellows at the NEMC, 


one was a gastroenterologist and one a cardiologist also from the NEMC. 
1.4.2 Criteria for Case Selection 


A number of considerations were discussed in the selection of a case 
to be used. An important fact not directly connected to the exper iment 
itself was that the case be centered on a renal problen. This was deemed 
necessary because Or. Kassirer, who would be anewering the questions in 
the experiment is a renal specialist and indicated that he felt most 
comfortable in this area. | | 

The criteria that did directly bear on the experiment were: 


1. The case chosen should be one that a doctor 
might see. in the everyday. course of hie clinical 
practice in the hospital....The case shoyld not 
be a "trick" case involving @ very obscure disease. 


2. The case should be normal in the sense that the 
Clinical presentation and history should be both 
suggestive and consistent with the final diagnosis. 
No effort was made, however, to find.a “classic” 
case for a particular disease. Both aspects were 
important because the experiment was designed to 
capture data about "standard" presentations rather 
than being a test of diagnostic skill. 


3. The case should be rich in history with enough 
data available about the medical history to provoke 
consideration of a number of possible diagnostic 
options. It was felt that the case should contain 
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an element of chronic disease as well as an acute 
presentation in that we wished to see if different 
approaches were used for the two different. Sategpriee 
or what effect one hed on’ the other. 


1.4.3 The Case 


The case that wae finally chosen was one of a 57 year old woman who 
presents at the hospital with the chief complaints of nausea, vomiting, 
abdominal pain and frequency of urination. The patient had a history of a 
previous hospitalization for kidney stone removal and hospital ization for 
urinary tract infection. At the actual tine the patient cane to the NEMC 
the doctors felt that the patient's: findings, were, due. fo a combined 
etiology. The. diagnosis made then and listed en the alecherse. summary wast 


1. Acute pyelonephritis (APN) 
2. Chronic renal disease (CRO) — ij 
 @ither a) Chronic pyelonephritis. (CPN) 
vor bI<Phéflaceti er Aephe itis 
or both together. ae. 
3. Chronic renat failure’ ACRE) : 
4, Metabolic’ dcidosie, secondary’ to CRE. 
S. Anemia secondary to ll and’ folic: acid 
' deticiency. = 


Each doctor was told at the start that: the patient was being discharged 


from the hospital after a three week hosp! tattzation. a 
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1.5 Preview 


In Chapter 2 an analysis of a protocol is presented and discussed. In 
Chapter 3 a model for the description and selection of data-acquisition 
strategies called the strategy frame model is presented. In the last 


chapter a classification system for strategies is presented. 
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CHAPTER 2 | 
THE ANALYSIS OF Tl PROTOCOLS 


A present illness protocol is a record of the problem-solving behavior . 
of a doctor performing diagnosis. The analysis of each protecol was 
directed towards uncovering the strategies used by a doctor in performing 
this task. The kernel of the analysis was the assignment of a set of goals 


and methods to each question. The strategies used by the doctor were then 


specified through the goal-structure for each question and the 


' relationships among the goals for different questions. 


The major part of thie chapter consists of the analysis of one of the 
protocols. The analysis consists of two components - a formal and an 
informal one. The formal component specifies (among other things) the 
goals and methods for each question and the relationship of the goals to 
the current strategy of the doctor. The informal component is a commentary 
that seeks to explain in orester detail the medical facts that the doctor 
used. It attempts to provide a reader whose background in medicine is 
limited insight into the interpretation made by the doctor of the data that 
Was presented. 

In analyzing the protocols it was felt that it was important to try to 
maintain as nide a perspective as possible. By this I mean that the broad 
outlines and overali patterns of questioning were kept in mind as well as 
the specific details of each question. One interesting (but not 


unexpected) discovery was the tendency of the doctors to digress from a 
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principal line of questioning in.order to obtain data that they thought 
might be significant at a later stage in the interview and then to resume 
the principal line again. While examples of classical. problem-solving 
techniques such as recursion, depth-first and breadth-firet search and 
back-up were found, most of the strategies were not “pure” but pragmatic. 
There was considerable jumping around anong different areas of concern ’ 
multiple focusing and condi tional (prior i ty) interupting. Redundant 
questions were asked. (One doctor asked the exact sane question at three 
different times in the interview.) Extra or “unnecessary” questions were 
also asked. One hypothesis that was considered wes that some of the 
questions were asked simply to give the doctor time to think of a better 


one. 
2.1 Formal Annotation Scheme 


The following is a description of the components of the formal 


annotation scheme; 


\ 


A. Question - A verbatum reproduction of the question. 
asked by the doctor. 


B. Data Requested - The specific datum the gactor. wanted. 


C. Goals - What the doctor hoped to accomplish by obtaining 
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the requested data. In making the decision apt assigning 
goals many factors were weighed; the reason the doctor supplied, 
the current context of questioning and the opinion of 
Or. Kassirer as to the possible interpretation of the data. 
Structural abstraction was the guiding principle in formulating 
the statement of the goal. By this I mean that wherever 
possible the goal that is stated is formulated in terms of 
the structural relationship between the data and a specific 
knowledge "chunk" describing a disease, clinical state, etc 
Included in the goa! statement in these cases is the instantiation 
of the abstract version with the specific entities under 
consideration filled in. If a goal is a subgoal of a 
higher-level strategy, the goal structure is also given. 
Two types of goals where assigned to each question, a 
primary goal and (where applicable) a set of secondary goals. 
1) Srinaty goal - The assignment of the primary goal 
represents an estimate of the principal purpose for 
asking the question through an evaluation of the most 
important medical significance of the data sought in the 
context in which the question was asked. If there where 
clearly two or more equally significant implications 


that could be drawn from the data, this was represented 


as a multiple primary: goal. 


2) Secondary goal - Many of the questions. asked by 
the doctors where nancowml tat... For exemple, most _of 
the doctors asked “What vere the. values of the, renal 
function tests?" even when they strongly suspected that 
the values would be elevated. Even though they, uere 
directed to be as speci fic as Poasible in their quest one: 
they tended to ask questions that were very broad In 
terms of the range of answers that could be given. 
It was felt that the doctor had shougnt about the 
range of possible payotte that could be obtained from 

a question. It is, of course, “impossible to be certain 

@ postiori whe ther they did or not. Upon retrospective 
examination, many insisted they did have these things 
in mind. It was felt in annotating the quest ions that 
these possible payoffs moule be inetuded:| in the 


form of secondary goals. 


C. Methods - Associated with each goat ‘te ie method 
used to obtain the goal. The methods can be direct 


or indirect. In a | direct method the finding of Interest 


is asked for. In an indirect method the prenive of a rule 
that associates the finding of interest with the some other 


evidence is asked for. 
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F. 


H. 


Expectation - If the doctor had some expectation of 
what ansier he would get to @ question, it was noted. These 
expectations ‘are classified as strong soterate, weak or 


uncom tted. 


‘Answer - The data spina bed Or. ‘Kassirer in response 


to the quest ion. 


Resu sult - To unet extent was ‘the primary go! satisfied. 


To wnat extent were the + secondary goal satlatiog. 


Possibilities list (PLIS) - - _ The PLS ta list of 


hypotheses) is a representation of the doctor’ . thinking, | 
about the. Present i iness, of the patient 3 after: ‘heer ing 

the answer to his guceticn. It. is cs no ‘neane the complete 
representation but reflects the nost ‘significant | 

part in terms of the final dlagmeetie conc! uslene 

the doctor makes. The possibilities list, is divided into 
six partes CONFIRMED, SATISFIED, LIKELY, POSSIBLE, UNLIKELY 
and FULED-OUT. the first hypothesis 1 on the Lane i Viet ie | 


called the Principal ‘disease mpothesie (POH) 


Doctor's Commentary - Any reasons or expianation 
supplied by the doctor. 
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2.2 Analysis of Protocol 1 


Many of the discoveries made about strategy are best presented in the 
context of an analyzed protocol. The protocol that is presented here was 
chosen because the doctor exhibits a wide range of strategies and touches 
most of the important issues that the particular case that was used raises. 
The subject is a Fellow in the Renal Department of the New England Medical 


Ceriter. 
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Initial Presentation - This is a S7 year old lady who is being discharged 
from the hospital after a three week hospitalization. Juet before she came 
into the hospital her complaints were nausea, Amel tive sodoninal pain and 
frequency of urination. 


Initial Possibilities List - 
Confirmed: None 
Satisfied : None 


Likely : Acute pyelonephritis (APN) -= PDH 
Acute lower urinary tract infection (ALUTI) 


Possible: Chronic renal disease (CRD) 
Chronic renal failure (CRF) 
Acute GI disease 
Chronic Gl disease 
Unlikely: None 


Ruled-out: None 


Initial Commentary - The initial presentation is a set of findings that, 
‘even before interpretation, has a fairly compiex structure. The symptoms 
of nausea and vomiting are specifically GI but commonly occur in many forms 
of renal disease. Abdominal pain is too general a finding to refer to any 
particular organ system while frequency of urination is @ very specific 
urological symptom. Acute lower urinary tract infection is a reasonable 
initial hypothesis; it is activated by the urinary frequency. In 
addition, women are twice as likely to get one as men. ALUTI by itself is 
not sufficient, however, to explain all the symptoms known thus far. An 
acute urinary tract infection (AUTI) can start in the lower urinary tract 
(bladder) and retrograde up the urinary tract to infect the kidney and 


produce acute pyelonephritis (The inflamatory reaction and Interstitial 
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lesions of the kidney due to infection). _ APN is normal ly used to refer to 
the infection of the entire urinary tract including the kidney and bladder. 
Because APN includes the findings of ALUTI ap a principal-part (a 
principal-part of a disease is a subset of related findings of the disease 
that is viewed as @ distinct clinical unit), It ie a better hypothesis and 


could explain. al! of the know symptoms if the following are trues 


1, The abdominal pain is abdominal flank pain 

2. The onset of the symp tone was sudden. 

3. The duration of the syaptons had been fairly 
shor t. 


4. There were systemic manifestations of infection. 


Another factor that the doctor must take into consideration is the 
length of the hospitalization. ‘Normal ty, uncomp! leated ecute _ 
pyelonephritis is treated with antibloticé and clears up within a week. 
The patient was hospitalized for a period of three weeks, however. This 
would make the doctor suspect that either the I]Iness was very severe, 
resistant to antibiotic therapy or that the patient had more Lon lena: 
specifically, some chronic condition. Thus; it i@ reasonable for the 
doctor to hypothesize as possible a chronic renal disease that is being 
complicated by an acute urinary tract infection. It te a fact that many 
chronic renal diseases make a patient more susceptible to urinary tract 


infection. In addition, certain chronic renal diseases can. lead to chronic 
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renal failure for which nausea and vomiting are key symptoms. At this 
point the doctor can not rule out the possibility that he is not looking at 
a renal problem but a Gl problem or @ combined renal and GI problem. 


Question 1 - Hew tong has she had the nausea and vomiting? 
Data Requested - Duration of the nausea and voni tlag. 


Goals 
Primary - Discriminate Acute vs. Chronic ilinase. sybgoa| 
to Explore time-pattern of the i/inees. 


Secondary - 1. Confirm syapton tine-duration component of APN 
prototype . to Gonfirn. peincipas+pert: symptom 
time-pattern of prototype ito 

. Confirm APN prototype - 1 to Ceagebul ld 
APN gubgoal to Confira ; 
2. Explore, the, need. for, inuegiate.trestaant of 
a clinical condition that éan be ceveed by @ reported 
eyeptom: severe, short-term vomiting can cause dehydration, 
alkalosis. 


Methods - P: Indirect: ie ppoeetd ipl : peor 
Sls Direct. i 
$2: Indirect: The. ain of. the nausea 6, oul tiag 
 Le-A-Suggestive-Measure-0# the kel theed of Swicaious 
and/or..sikalosis. ses ae 


Expectation - Moderate : Less than 2 weeks. 
_. Strong: Less than 3.neeks.. . 


Answer - She had the nauses and vomiting for three weeks before coming into 
the hospital. - 


Result - P: Partially satisfied 
Sl: Satistied. 
52: Partially satisfied 
— PLIS - Unchanged 


Doctor's Commentary - The reason for the first question is to get a time 
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course as far as the patient's illness is concerned. 


Commentary - The strategy chosen by the doctor reflects his decision to 
first focus on the acute vs. chronic characterization of the iltness. As. 
a method for achieving the goal he uses a heuristic (indirect method) which 
says that the time duration of the symptoms is a good indication of the 
"acuteness” of the iliness. The symptomatic duration (of the nausea and 
vomiting) is just consistent with an acute process and is suggestive of an 
underlying chronic process; for this reason the primary goal is only 
partially satisfied. As a part of the strategical decision, the doctor 
chose to ask about the duration of the nausea and vomiting rather than the 
éabn inal bela or the frequency. This can be explained by the following 
argument: of the three reported symptone (nausea and voni ting get linked 
together) the patient would have most likely remembered when the nausea and 
vomiting began since this is a very disiteasing condition. Another 
impor tant reason for choosing this symptom is that by itself, nausea and 
vomiting is a serioue condition if it hae occurred for an extended period 
of time. This relates to the secondary goal of exploring the need to treat 
such clinical conditions as dehydration (with resulting loss of renal 
function or even damage to the kidney), acute weight Joss or metabolic 
alkalosis that can result from an eictended! par tod of nausea and vomiting. 
There can be no doubt that the doctor was algo. thinking of whether the 
symptomatic duration is consistent with his principal disease hypothesis. 


This is reflected in the assignment of the first secondary goal. This goal 


Sn ar ea ra a a 
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is a subgoal of a higher-level strategy that the doctor has invoked called 
- Gase-building. This strategy is invoked when the doctor wishes to confirm 
a hypothesis he views as likely. (See Section 4.1.2,1 for a detailed 
’ description of case-bui Iding and its variants.) The particular variant of 
case-bui iding the doctor is using requires determining if, the prototype of 
the principal disease hypothesis matches the patient’s findings. (A 
disease prototype consists of the signs and symptoms that. a doctor would 
expect a eutignt to have if the patient had the dissase, ) This is 
accomp! i shed by setting up as subgoals the confirmation of each component 
of the disease prototype. For the hypothesis of APN the goal-tree is the 
followings - 

— (GOAL (CONFIRM APN) 


(To (CONFIRM APN) (CASE-BUILD APN) 
10. (CASE.-BUILD. APN). hiatal (PROTOTYPE: APN) 
| iia ORE TIME-P, wn 
TO (CONFIAM. Tre PATTERN) 


ee “tae ce le L< = ey aca 


(Ce 
(CONFIRM SYSTEMIC SySTEnT CAN 180 
(CONFIRM KIDNEY-INFLAMATION) 9. 


Question 2 - Did the nausea and vomiting begin before. the frequency or did 
the ee: and vomiting occur. after the, frequency. had. occurred for. sever al 
days 


Data Requested - Sequence and seeaaieds of f tune tae caveloneent: 


Goals a ae 

Primary - Discriminate Gl et ology, of symptoms from 
renal’ etiology subgoal to Explore organ-eysten 
of disease origin. 
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Secondary - 1. Confirm symptom onset-pattern oN estes 
to Confirm princi paloparts 

ne-pattern of APM. Ai ‘ilta 

ny to Case-b 


Confirm 


Methods - P: Indirect: Characterize ‘the tine sequence of 


symptom development. 
Si; Direct. . bea 


Expectation - Strong: The nausea and vomiting and ie 
frequency agcured nj.thin a fan, j VO 3 
each other. a 
Moderate: The frequency preceded ‘the 
nausea and vomiting by a few days or 


Anguer - The occurrence was. pretty much, .eimul taneous... 


Result - Ps Partially. satisfied 
" SY: Satiefied: ~~ 


PLIS - Unlikely : Acute GI. disease 
Chronic Gl disease. 


Doctor’ s 7. The reason. for. that. ¢ tion ia, ta, tr to, gate nine 
whether the nausea and vomiting le the primary teens sic ne to see which 


came firat and which is the secondary sequence. . 


Commentary - This question is very complex in 7 ee the kind of 
information that could have been obtained. The doctor might have been 
given many different answers, “each one of wnich would have a different 
interpretation. The doctor's primary concern ‘here, Scugvec is to 
determine the etiology of a complex of ‘eyip tone from different ‘organ 
systems. The first step towards achieving this goal is to determine which 
organ system is responsible. Iri ordér to put ‘thie into perepactive 


consider the range of interpretations. if the ansner. had been that the 
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nausea and vomiting had preceded the frequency by many days. . 


1. An Indepetident: (or unre! ated) Gl protien 
/ “end! urotogicat provien re at aout 
‘the ame. time. — 


' 2. The origin was the GI system tan infection) ae 
3. There was @ chronic renal divedss Witch’ developed | 


Into chronic renal failure and easel the” 
urinary tract infection. 


4. The uring’ tract Thtéction sively by the 
descending (blood-borne) route, 
The hypothesis of indepentent oi been Thi Bdtieton in two different 


organ systems at about the same time is ‘not tone ltered very likely by most 


doctors. Doctors use the pin considering. 


explanations for findings. Thies principle | Saye | that. the, singiest.. 
explanation should be considered before a mole sobe lex explanation. | 
Clearly, @ set of indepentent (unrelated)? probiendte- ret ‘the-slapiest 
exp|anation. The doctor did tiot expect to hear that ‘tte nausea and’ 
vomiting had been a chronic condition for esvaral ponths | for. waars).. If 
this had besn the case he probably would have opted far. the, GI system as 
the cause of both symptoms. The fact that the onset at all the symptoms 
was simul taneous is consistent with his principal di sease hypothesis but 
does not completely rule-out a Gl etiology. ‘ 


Question 3 - Along with the frequency Has there any burning on urination, 
any dysuria? we. Sas Po eae so ad ct ae ue apt 


Data Requested = Presence of dysuria observed by tite patient. © 
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Goals Pests 
Primary - Confirm principal-part: Bladder Irritation of 
APN prototype. Subgoal to, Confirm, prototune, ARN. 


Methods - P: Direct: Oysuria 1a-Prina-Facle-Svideage:For 
‘Bladder irritation. 7 


Expectation ectation - Strong : Oyeuria present. 
Ansuer ~ Yes, she did complain of some burning on urination. 
Result - P: Satisfied Ligspaee s 


PLIS - Confirmed: Bladder irritation (of APN) 


Commentary - The prototype for bladder irritation/inflamation specifies 
specifies frequency of urgency and dysurte. Since thé frequency is elready 
known, the doctor asks for what now can be considered pel ma facie evidence 
for a bladder irritation , the presence of dyeuria. the doétor fs now 
clearly focusing on the principal disease hypothesis and ie attempting to 
confirm it by confirming each princtpal-part. 
Question 4 - Had she gairied or lost weight during that 3 week Interval? 
Data Réquested - Amount of welght-loss or aki aliy 
Goats , nn meee 
Primary ~ Pl: Explore the severity of the rinses. 

“ P2: Contfira’a previously reported findings three week 

period: of nausea and vomiting. ns 
Secondiky - 1. Eliminate Acute Gl problem. 
Methods - Pl: Indirect: Weight-loss. ‘echeSunigntinetednure-0t 

Sever i ty. 

P2: Indirect: Assess a finding that will validate and/or 

support’ @ previously reported findings © Welght-loss due 


to nausea and vomiting, = ©... 
Sl: Indirect: No weight-loge ‘Te-Nagat vg-Evidence-For 
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Acute GI probien. 
Expectation « A veackalie Helght-foss S - 46 tha. 
Any weight-loss. 
‘stignt tel ght-gains. 7 


Answer - She lost 18 ibs. of weight jn the two weeks kefore @daission. 


‘tean 7 


Result - Pis Partial! satisfied. 
P2: Satiefi : 
Sls Partially satisfied. 


PLIS - Unchanged. 


Doctor’s Commentary - That is to assess, if ot will the severity of the 
itiness. Tf ehe had gained several pounds during. 2 epeb ties weu, would be 
much léss tikety to bélieve the ‘Information aBout the neused and voml ting. 


_ Whereas with the 18 Ib. weight-loss, . -agalo, from, the, patient's bistery, 
that makés that ‘hor’ ‘believable. © 


Commentary - There are tuo meiniett Interest about this question. The 
first is that if ie the firet example in the pratocal ao far of a multiple 
primary goal. The second but related point ie that.it seeme ae if the 
focus hae inmediately shifted avay from case-building for the principal 
disease hypothesis. It.is, in fact, not.sa.much @.ehift away than a 
broadening of the focus to include anather, aspect of the patient’ ee 
condition that is significant by itself and also provides sone evidence for 
the sufficiency of the. principal disease ‘bupaithenis. tos an expfanation tor 
the findings). In developing questions to ack, * the doctor, ‘alueye hes @ set 
of goals that he would like to ‘satiety. ” Among thew 3 are: 

1. Arrive at a satisfactory diagnosis 

2. Assess the. need for ‘innediate traatnent, a 


3. Gather sufficient information ta begin. 
formulating @ therapeutic plan. 
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ape Develop a prognosis for, ‘the patient. — : aa 


5. Determine what tur ther information heeds ee 
to be gathered as part of She ent 
plan for the batteit.. 7 


In the earty stages of the interview, when most of these goats have not yet 
been satisfied; a good strategy istry to develop questions that might 
satisfy as many of these goals as sessile: ake 
In the present case, while severity is not specifically a pert of the 

prototype for APN, the doctor his a taitly good ides-of the range. that can 
be expected. Clearly, a weight-loss of 38 Ibs or more would make him 
suspect a serious gastrointestinal problem. “it should be noted that, in 
general, the amount of weight-loss is a good ‘indicator of how acutely itt 
the patient ie, | hae ee | 

"The question also serves as a check on the degree of nausea and 
vomiting. The doctof could have asked another set ‘cl aosctions in order to 
characterize the degree of nausea and vomiting. The Information about 
neight-foss, however, i8 sufficient to indicate a level that is consistent 
uith the reported time duration afd algo with the principal disease | 
hypothesis. i a oe ae 


week fatecval between the ties of gine onaet. of her, pared andthe time or 
presentation to the hospital? 


Data Requested - Presence of fever or chills. 
* Goals . 
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Primary - Confirm principal-part: Systemic evidence.of active 
infection of APN PrSen wes segpel to Confire 
prototype APN. r . 


Methods - P: Indirect: Fever or chi lta Cedi ipdperting- Evidence For 
Active infection. 


Be 


Expectation ~ Moderate: Fever or chills present. 

Answer - She said she had chills put her temperature. wagn’t. taken... 
Result - P: Satiefied ig tee, 

PLIS - Satisfied: Active infection. (of wn. 


Doctor’s C t 
infectious disease. 


- J am trying to, estab) ish whether or not this, As an 


Commentary - In this question the doctor hes returned to.confirming the APN 
prototype as his primary goal. An essential feature of APN. is that, it 
Sraduceé systemic findings associated with an active infection such as 
fever or chills. This is normally not the case for an gcute yrinary tract 
infection that is restricted to the lower urinary, tract (cystitis). _ The 
fever associated with APN can be quite high, (181 ~ 463). nd ceo be a 
serious condition in an older person. if it hag persisted foray length of 
time. It le quite possible there ie. ao ocdering.considaration.in 
confirming each principal-part of the disease prototype: the more scious 
and potentially health- (or life-) threatening symptoms are asked about 
first. This woyld tend to show that even in diagnostic: genes .the | 
fundamental concern of the doctor is focused aq the well-being af the 
patient. This kind of subtle Abut demonstrable) strategica! Sheice wilt 


probably have to be embeded into a present I! Iness program for it tahoe | 
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acceptable to the medical profession. 
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Data Requested - Presence of gross hematuria (observable by the. patient). 


Goals 
Primary - P: Eliminate a complication of the POH (= APN) 
Hemorrhagic cystitis. —— 


Secondary - Sl: Explore diseases that are. complicated by the POH: 
Obstruction, renal. tumor, rena! calculi. 


Methods = P:. Directs Absence of gross hematuria Is-Prina-Facie- 
Evidence-Againat Hemorrhagic Aystitia. .. 
Sl: Indirect: Gross hematuria Te-Sigosntive-Evidence-For 
Obstruction, renal. calculi. 

Expectation - Moderate: No gross hematuria. 


Answer = No. 


Result - P: Satisfied 
Si: Partially satisfied. 


PLIS - Ruled-out: Hemorrhagic cystitis. 


Commentary - There are a number of possible interpretations of this 
question. While the focus is still on the POH it, is. not completely clear 
whether the primary goal is part of case-bui Iding or elimination of a 
complication. The reason that elimination of hemorrhagic cystitis was 
chosen was that the doctor later told me that is what he had in mind. The 
absence of gross hematuria could be a component in the doctor’s prototype 
for APN, however. As far as the secondary goa! is concerned, urinary tract 


infection is a common complication of diseases such as urinary tract 
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obstruction, renal tumor or renal calculi. While there has been no direct 
evidence of these conditions, the finding of abdominal pain is suggestive 
and the presence of gross hematuria would certainly have activated these 
hypotheses. | 
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Question 7 - Were there any episodes of piissy urine. or apulcewst ting urine 
or change in the odor of her urine? 


Data Requested - Presence of pyuria or foul-enel!ing urine. 


Goals 
Primary - Confirm principal-parts Kidney/bladder inf lanation 
of APN prototype pubgoal to Cont ire prototype: APN. 


Methods - - Ps Indirect: Pyuria or fout=enet Hag urine HaBoppor ting 
Evidence-For Kidney/b| adder inf lapetion. ; 


Expectation ~ Moderate: Pyuria or foul-emelling urine present. 
Answer - No. 

Result - Ps Not Satisfied. 

 PLIS - Unchanged. 


Commentary ~ Pyuria is a key sign in the diagnosis of a urinery tract 
infection. The fact that the patient did not report chserving el ther 
pyuria or its side effects (the foul-amel ling urine) is not disturbing, 
however, as it can be easi ly overlooked by a patient. The doctor wil! ask 
about the pyuria again when he starts asking about laboratory findings. If 
at that time no pyurla is reported, the diagnosis of APN might be in some 
doubt. | . eee | 
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Question 8 - Was there any history of pain in one side or the other, flank 
pain specificalty? 
Data: Requested - Presence of ftank pain. 
. Goals 
Primary - Confirm apinbipal sports Kidney inflamation 
of APN prototype Subgoal to Contirs prototype APN. 


Methods - Ps Indirect: Flank nati Te-Gusbort ing-evi aence= 
For Kidney Inflamation. 


Expectation - Strong: Flank pain present. 
Answer - She had had abdominal flank pain In the past on the left side. 
Result - P: Satisfied. 
PLIS - Satisfied: Acute pyelonephritis. 

Doctor’s Commentary - Well, | am not sure how this is to be, played but what 
Id be homing in on now is the situation of the nausea, vomiting, 

frequency, dysuria and flank pain as somebody with. acute. pyetonephr itis. 
Commentary - Fiank pain (ei ther unilateral or bilateral) i@ another key 
symptom in the Sisororis of acute pyelonephritis. At this point in the 
protocol the doctor has finishing confirming the component of the acute 
pyelonephritis prototype that refers to symptomatic history. It is clear 
that while he feels satisfied that she has APN, no evidence. strong enough 
to confirm that diagnosis has been presented yet. This, evidence will be 
gathered when the doctor reaches the part of the present i|iness concerning 
physical examination findings and laboratory results. At is then that 
signs such as costovertebral-angle tenderness, pyuria , white blood-cel | 


casts and bacteriuria will be asked about. | 
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Question 9 - OK., we've got nausea, voni ting, 18 pound weight. loss, 
frequency, dysuria and at least left-sided flank pain. And now I’!! begin 
to question specifically for pyelonepty|tis.: whioh.le what. I'd be. aiming 
for at the present time. Now, I’d like to know whether before this 3 week 
episode, before this acute || Inees rabies in bee pest she hae ever: nad any 
episodes of a similar nature?  . . 

Data Requested - History of simi lar Sees 

Goals a A ee OO ee ee, 

rimary - Confirm principal-event: Acute fiare-up(s) of 


urinary tract infection of CPN davelopmantal: 
scenario subgoal te Confirm scenario 


fergoal to | bul 1d. CPN. aubgoel.. to - 
Methods - P: Direct. 
Expectation - Weak: pieteny of similar rhere episodes present. . 
Answer - Yea, she has. ee 
Result - P: Satistied. 
PLIS - Liketys Chronic pyelonephritis (CPN). (with gcute flare-ups) 


Possible : Other chronic interstitial nephritis (CIN) 
Unre) ated. episodes. of. AUTI. . é 


Acute flare-ups of chronic bacteriuria 

Chronic renal failure, (CRF) 
Commentary - This question indicates that a new phaee of the protoco! has 
been reached = the patient's past nedicai history. The findings that the 
doctor has heard so far, while fairly convincing evidence for an acute 
urinary tract infection and acute pyelonephritis, ‘ere also suggestive of an 
underlying chronic condition. The length of the hospitalization, the 
duration of the symptoms and the severity of the nausea and vomiting (as 
indicated by the 18 pound weight loss) are all clues in that direction. It 
is only at this point, however, that he je willing to specify more 
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precisely what chronic renal diseases might be Sheiank acd commit himse! f 
to pursuing one of them - chronic pyelonephritis. The strategy he chooses 
ig another variant of case-building. The variant he ‘used before was 
applicable to acute diseases and only involved confirming the disease 
prototype. In case-building for a chronic disease another conponent must 
also be confirmed - the developmental scenario (See Section 4.1.2. 1). One 
common scenario for the development of CPN speci ties that the patient 

exper iences a (tiation of episodes of acute urinary tract infection over a 
fairly long time period. This is generally nat due to reinfection by new 

| organisms but due rather to acute flare-ups of @ long-standing, chronic 
‘infection. It is entirely possible {and also quite common) for the patient 
to experience both unrelated episodes of acute infection or acute flare-ups 
(of chronic bacteriuria) without having CPN. It is also possible for the 
patient to have another chronic interstitial disease that. siaply 
predisposes him to urinary tract infections. CPN is one of the most 
difficult diseases to diagnosis based on a patient’s current symptames and 
requires knowing facts about the patient's medical history. This 
consideration leads to the next question, 


Question 18 - Does she know that? Can she tel! mea whether she’s had one, 
tuo, three? Has she been hospitalized here before or elsewhere? 


Data Requested - History of previous hospitalizations. 
Goals | 


Primary - Confirm a body of reliable information on the 
patient’s past medical history is available. 
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Secondary - 1. Confirm simitar past eptsodes were serious” 
enough to require hospitalization. 


Si: iinet: ba: how tal iat iona te “St 
Past’ wp sodes ‘belrig ‘serous. © 


i? peat ive Evidence For 


Expectation’- ~ Noderdite: “At [éabt one ‘past hospital tzation. | 


Ansuer - She has in fact been hosp! tattedd-sefore. In fact her first 
hospi tal ization was for @ kidney stone. — prions, see th 


Result - P: Partially satisfied. 
Sl: Partiatly satisfied. 


PLIS - Likely: CPN (with acute flare-upe). 
Possible: Kidney-stone (past) Caused-b 
. PE wy Kia i ste rie “ti E fi ue eo} (¥ 
_ Other CIN 
° CRF ‘Catise-by CPN or ‘other CIN” 
Un! ikelye Unrelated episodes of AUT] = 


_UTI 


Commentary The doctor learned ‘tito Heportant ‘fate With’ this question. 
“of tines. The 
second plece of data, that the first hdepi tafization das for a kidney stone 


The firét is that’ she indeed was hospitatized o iubibi 


was free information. This wl “ain “Ghar” TH the ‘apie Tien ta” procedure. 
(The primary ophcern’ of ‘the doctor in asking tHe questisi is to see if 
reliable information about the pattent’e pat meuitel history Ts | 
available.) The answer he obtained, houever, while consistent with a 
patheses, Certain 
_ kinds of kidney stonee (called infection stones) are formed arownd a 


chronic urinary tract infection suggests # You hei. hi 


nucleus of bacteria associated with a urinary tract infection. Kidney 
_ stones in general, however, algo. predispose the. patient. dp! having tur ther 


urinary tract infections. These infections In turn can cause the formation 
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of new kidney stones. The doctor’s new hypothesis ig that the. patient may 
now be having a recurrence of this cycie. The linked hypothesis of 
recurrence of kidney stone and acute urinary tract infection could explain 
all of the known findings. 

Question 11 - Do we know which side that was? 

Data Requested - Lateralization of past kidney stone. 

Goals ee 

Primary - Confirm/Eliminate scenario-prerequisite: Constetent. - 


lateralization of previous kidney stone and current abdominal 
“pain in hypothesias Ki goes, atane. recurrence’ > AUTED 


subgpal. to Confirm scensr io Kidhay atene, (recurrence) 
(+ ) subgoat’ to Confirm/El iminate-Kidnay, atone 
(recurrence). (+ AUTI),. oe : - 


Methods - Ps Directs Expert witness. 
Expectation - Moderate: Lett side. ee 


Answer - She had had a kidney stone 17 years before. We don’t know 
anything about thet. We don’t know which side that Hae. 


Result - Ps Not satisfied. 


PLIS - Unlikely: Kidney stone (recurrence) (+ AUTI) 


Commentary - The fervor with which the new hypothesia waa originally: 
considered has been considerably dampened by the new information. 
Seventeen yeare is too long 8 period of time for the cycle ‘to be happening 
again with any reasonable degree of probability. The: lack of any , 
information makes it very difficult to pursue even if the tine period had 
been shorter. The alternative hypothesis of CPN is ‘strendifisned, housver 


in an indirect way. The doctor has now established a possible 


“By, 
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precipitating event in the developmental scenario. CPN requires that there 
be a long-standing, chronic infection of the kidneyts). It Is quite 
possible that the stone could have been associated with a urinary tract 
infection (possibly as the result of the cliriical procedure to diagnosis 
and remove the stone) and that the whole procese began 17 years ago. 
Question 12 - And that stone waen’t analyzed? 
Data Requested - Results of stone analysis, — 
Goals 
Primary - Pl: Confirm precipi tating-event: inittal 1 uti In 
CPN developmental ‘scenario aubgoa! to Cone few 
scenario 
P2: Confirm Kidney stone ‘caused-by’ UTI. 
Methods ~ Pl: Indirect: Past kidney stone was an infection stone 
Is-Strong-Suppor t ing-Evidence-For initial, UTI 
preceding kidney stone. ~ 
P2: Direct: Expert witness. 
Expectation - Moderate: Infection stone. 


Answer - We have no history of stone anise She had also been 
hospitalized 8 months earlier. 


Result - P: Not satisfied. 


PLIS - Unchanged. 


Commentary ~ The doctor would like to pin down when the chronic urinary 
tract infection (of CPN) started. If the kidney stone is of the type that 
results from a preceding infection, he would ascume that the patient 
probably had bacteriuria for a period longer than 17 years and the 


likelihood of CPN would be slightly higher. Some free information was 
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given to the doctor by telling him. that. she had a episode similar to the 
current episode for which she was. hospitalized.& months prior to the 
current admission, . . cond . 
Clearly, there are other ways to find out about a possible infection 
associated with the kidney stone. I hypothesize, houever, that the. reason 
this particular question was asked is because it is gintelictelated to the 


previous question in that a feature of the same finding (or event in this 


case) is being asked about. Among certain doctors there is a proclivity to — 


derive as much information as possible from {and about) the finding or 
event that is currentiy under consideration rather than “change, the 
subject." (See Section S.8. for a daeunalon af giagtostle style.) 


Clerical bridge- 7 At our hospital? 

No, at another hospital. 

o And are ne able to get those. records? 

K: Yes, they are avajlaple. I’m sorry | 
I just found which side. It was. the: 
left side. 

Ds: That wae 17 years. ago? 

K: Yes, that was 17 years ago. 

Ds: 8 months ago. she wae hosp) ta ized: for 
a similar episode? 

K: That’s correct 

Ds: And do we know he ther she had renal. 
function tests, urine cultures and bres 
urinalysis done at that tike? 

Ks Some information Is available on that. 


Commentary - The exchange above need not be analyzed: by the formal means | 
have been using. _Ite purpose is simply to establish the framenork for the 


next set of substantive questions the doctor will ask. For that reason | 
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call it a clerical bridge. It also gives the doctor a chance to think 
things over before commiting himeelf to a new tine of questioning. The 
doctor does learn that the stone 17 years ago was on the left side. This 
strengthens his belief that the chronic urinary tract infection goes back 
at least that far. 7 ee . 


Question 13 - What is the urine-culture report? 


Data Requested - Was the culture positive? Type of 
eee bacteria. ; a ie 


Goals 
Primary - Pi: Confirm principal-event: Acute flare-up of 
urinary tract infection of CPN developmental 
‘scenario subgoa! to Confirm scenario CPN. 
P2: Confirm principal-part: Chronic bacteriuria of 
CPN prototype subgoal to Confit prototype CPN 
subgoal to Case-bui Id CPN gubgog! to Confirm 


Methods - Pl: Indirect: Postive urine cul ture Is-Suppor t ing-Evidence- 
For Acute flare-up of UTI. “2 
P2: Direct. 


Expectation - Strong: Positive urine culture. 


Answer - I don’t have any urine culture report except that the urine 
culture grew out e-coli. irae a 


Result - Pl: Partialiy satisfied. 
P2: Partially satisfied. — 


PLIS - Unchanged. 


Doctor's Commentary - The reason I am asking for that specifically 
{although in most patients with a rénal’ probten T° be interested in the 
overall renal function), first is again I’m aiming, for a presumptive or 
sort of speculative diagnosis of ‘Ichronitl pyelonephritis and 1 would | ike 
to find things that are most strongly suggestive for that or make that 
hypothesis enough. a ei, pie ee Pen? a5 
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Commentary - The doctor has returned to the line of questioning that was 
started with Question 9, In order to contirn the chronic UTI associated 
with CPN it is necessary to ascertain if the cultures for past epleodes 
grew significant numbers of bacteria and that the type’ of bacteria: reported 
in each episode Has the same. At thie point” the dactor: does fot yet ‘know 
the kind of acter is thet, grew out in the: wine: cul ture done for the 
preserit epi sode 80 this point cannot be checked: Thi’ is rot the: crucial 
aspect of the. Glagnosis, however. It ts quite petelate that the: 
bacteriuria of 8 months ago was-cured- (The: cut torescbecane: ster! lee), but 
because of underlying CPN she nas predisposed to reinfection by a new 
strain of bacteria. The significant sepect is the epieode of UTI itself. 
Note that the goa! is partially satlofieg ince the cul ture report did not 
| state whe ther the colony count was significant. 


Question 14 - Do we have a ir inelyeia? At the sane tine 1 an looking to 
find out: uuhe ther or not there wae any pyurle or white: eerie a 


Data Requested - Presence of pyuria. — 


Goale 
Primary - Pl: Confirm Selec else antl Acute jleeas of 
> ypdavery tract infect ton of CPN developmental 

scenar io. 
P2: Confirm principal-pert: ehronic bacterturta of 
CPN prototype. 

Methods - Pl: Indirect: Pyuria I»-Supporting-Evidence-For 

“Acute ftare-up (epleode) of UTI. * 


P2: Indirect: Pyuria I -Suppor ting-Evidence-For 
Chronic bactériurta — 


Expectation - Strong: Pyuria present. 
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Answer - Yes, there were many white cells and red cells present in the 
urine. : ; : ‘ haga b ‘ , 


Result - Ps edie 

PLIS - Satisfied: Episode AUTI (8 monthe PTA) 

Opctor’s Commentary: -.1 know she’s had an: episode of.at. feast bacteriuria, 
that she’s got both a positive urine culture and white cells and that she’s 
got a urinary tract. infection which: presumeblyginas: the cause of: her episode 


8 months ago and which may be a similar episode going on right now. I need 
to. know two other -piecas.of informetien from:8enonthe egos 1 need: to know 


_. what her renal function was 8 months ago and I need to know what her kidney 


x-ray. tooke. like, wheather ehe.has one:kidney, . tuo khbdaeye; whe ther:.one 
kidney ie working the other is not, what the ow look like and whether 


_ they are scarred-by: infectious diseasecon not. #3 
Commentary - : Sufficient evidence (for this doctor} for a previous episode 


mee 


of UTI (ive. bacteriuria) consiete of a positive urine cul ture and pyuria. | 
This would satiety a ‘goal of confirming a past epicode ‘of ‘acute urinary 
tract infection regerdiess of any ‘possible relationship to her cucrent 
symptoms. The doctor’s hypothesis, however, is thet the tuo epleodes are 
both acute .flare-ups due to the sane ichronia) . intent tans Ono: 
alternatively, CPN predisposed her -to reinfectien-possibly «ith a different 
organism.) It is interesting to note that the mentor seems ei ther net to 
hear or chooses to ignore the fact. that penaburia wes ‘found 8 months ‘ago 
(This can only be infered {rom the fact . that: he, nokee. 0 comment on it.). 
There are two possible (dterpretations of this. he tiret ‘is that some 
degree of hematuria ie consistent with NIT. The other explanation * that 
doctors tend not to notice certain reported. fladings anioar they have a 
place to "hook" the finding onto (i.e,, some hypothpeie that. the finding is 


significant in). 


Question 1 - What was hee renal function? 


Data Resiatied = Reported value of the renal function, 
tests - creatinine ctéarance, BUN ‘or NPN 
8 months PTA. 


Goals 

Primary - Pl: Confirm principal-event: Development of renal 
Insufficiency (CRF) of CPN developmental ecenar io 
subgoal ‘to’ Confirm scenar to CPN.: . 
P2: Seine principal-part: Decreased rena! pa 
of CRF prototype subyoal to Cénfirm protétype CRE 
subgoal to Case-build CRF sybgoal t to Confirm CRF. 


Secondary - 1. Explore the severity of the ilInees. 
7 - 2, Exptore the stage oF devefoptent of ‘a 
chronic disease: CPN. 

Methods - Pls Indirect: Renal function te test decreased 
18-Suppor ting-Evidence-For enal Ifsufficténcy. 
P2: Direct. 
Siz Indirect: Renal funétion test 1s-A-Suggestive-Measure-Of 
the severity of the il inees. 
$2: Indirect: Degree of decreasé’of renal function 
indicated by a renal function. feet [s-A-Suggest ive-Heasure-Of 
the stage of development of 


Expectation - Strong: Renal function tests indicate 
normal renal function or some degree of 
renal insufficiency. 


Answer - The NPN was 51. 


Result - P: Partially satistied. 
Si: Partially satisfied. 
S2: Partially satisfied. 


- PLIS - Unchanged 


Doctor’s Commentary - That's an old record. What I learned from that is 
that her renal function was close to normal or only siightiy impaired. The 
normal NPN goes up to somexhere around 45. And thet nas when she was 
acutely ill. ; 


ay : 
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— Commentary - A chronic, degenerative rena! disease such as CPN can 

eventual ly edaclt in the loss of funct foning renal mass causing the joss of 
normal renal function. The final ‘etage in ‘the developmental ecenerio of 
CPN is advanced renal failure. Of Saicea thts teens can take many years. 
It is also true that even with the loss of one kidney, and the partial 
degeneration of the remaining. one, renal funetlon gan. remain at about 
normal levets. The doctor. has really has. heard me gatini tive evidence as 
to what etage of development the disease might have reached in this 
patient. Therefore, it is. impor tant to.di fferentiate betueen the doctor’ s 
goal and his expectation. If he had. found out that the degree of loss of 
renal function was indicative at advanced. rena] failures his primary goal 
would have been more fully satiefied.. The answer . he. does hear, however, is 
not unexpected and is censistent. ult all the other ‘evidence. 

The measurement of renal function. that hele given. (the NPN) is 
outdated and is normally not used anymore. That is what he meant by. it 
being an “old record." The only other disturbing factor is that an acute 
episode superimposed on a chronic condition tends to amplity the lose of 
renal function. Thus the relatively low value_of the NPN Hould seen..to 
indicate that the kidneys were sti! functiosing about normal ahd that the 
chronic condition had not progressed to the point of significant boas of 
renal function. While 17 years is not. that unusual io the. progression of 
CPN to end stages lin fact it might. aye. been much Veh ‘than ‘than this 


’ period) a shorter development period is more common. 
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Question 16 - And the IVP? 


- Data Requested - Reported results of the introvenous eee 
_ @ kidney x-ray. 


got ne os oa 
timary - Confirm principal-part: Scarred kidneys of CPN” 


prototype gubgaa! to. Fontire pegtotype CPN. sya! to 
* Case-bui ld CPR ed ub ubgoal té” ‘Cont itm CPN. 


Secondary - 1. Explore permitient structural ‘damage to kidneys 
sugsoa to Explore status of. pr ay organ. system 
under consideration sugoal tS Explore level of 
an/organ system function bee the .: 
2. ‘Explore @ predisposition’ to "PNG urinéry tract 
obstruction. 
“3. Elimtnate’ cla itone (recurrence). 


Methods = P: Direct. 
$l: Direct. 

$2: Direct. 

S3: Direct. 


Expectation - Moderate: Scarred kidneys, contracted kidneys. 
Answer - The IVP was not satisfactory due to poor infiltration of the dye. 
Tt was repeated and there was chly miniwal appeararice, mostiy in the: left 
urinary tract. No signs of stone or other more n ee: . 
Result - Ps: Not satisfied. 

Sl: Partially satisfied. 

S2: Sati t sfted. 

$3: Satisfied. 


PLIS - Unlikely: Urinary tract obsteuction (8° ote . PTA. 
Ruted-out: Kidney stone (recurrence). : 
Commentary - The ‘introvenous pyelogram can provide crucial data in the 
attempt to characterize the status of the Kianeyes” Among the mings that 
can be determined (if the IVP procedure Is successful) are: 
1. The size and configuration of ‘the kidneys. 


2. An estimate of the level of renal. function. 
3. The presence of gross abnornal ities OF ‘stones. 
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4. Whether there is obstruction or not. 


The doctor asked the question in a non-committal style. He did not ask for 


any specific feature of the IVP. Froy his previous gomments, h omer ¥. 


know that he is prinarity lAterested In: whether the ‘Ri dneys are acerred as 


rae 


the result of chronic. Infection, But ‘alone! ly. since. he gan explore fhe 


overall! status of the ‘kidneys, he. doesn't t nent téreptrict the aisation to 


just that, The IVP report does not acieuar. the Quadtien of uhether her 
kidneys are smal! and acacred.. [tis ougeestive.of sene.degree of loss of 
renal function (the minimal appearance of the dye) . sand atrangly, suggastive 
that the patient waen’t obstructed (at least totally ptyetee at the 
time the IVP was performed: ee ; 
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Qu ugstion, 17 - Do We. know. if, there. were, to ‘wigaeve? 
Data an, - Did both kidneys ‘appear on the “ti. 


Goals ma ie 
Primary - Pl: Explore prognosis relative to. theP0@ 
P2: Explore the gross configuration aneya 
some to Explore status of the Thy ae sueten 
ae 2) eye ra My ware De 
or rete rated fe F A syasem Sak 
impairment). } : 
Methods - Pl: Indirect: PM. + wisging ki Is-€y/ For... oe 
Methods ~ Pls ind rest i grew, Le-Exidmee Far. 
P2: Direct, EE sb AL oe rept gett at geo getied: me Comat oe. 


Expectation - oder aft Both kleneys present, 
Aaswer - | can’ t tell you eet La 8 bane — r 


Result - Pl: Not satistied; 
"PZ Not tet. os 
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PLIS - Unchanged. 

Ooctor’s Commentary - OK, that’s the information I’ve been looking for from 
8 months ago, now to get back to the present episode. I really don’t think 
I have any other questions as far as that acute episode. 1-uould like to 
know some general information. We know that. she’s. acutely TH, with an 
illness which is quite simijar to that.which she had.8 months. ago and we've 
got some nice information that 17 yeare ago. she had. a. stone... We. know she’s 
got nausea, . vomiting, frequency , clas and. abdonipal. pain. 

Commentary - There has been no evidence to suggest that the patient is 
missing a kidney. In terms of possible therapy for CPN. (which the doctor 
is considering as he goes along), the absence of one kidney would be very 
serious. Nephrectomy (surgical removal of a kidney) is often required if 
serious hypertension has developed in association with CPN. If the patient 
has only one kidney, transplantation might be the only option. Because of 
the age of the patient this option would not be viable. There has been 
some suggestive evidence that the disease might be unilateral. If this is 
the case and both kidneys are present with the undiseased kidney 


functioning normally, the prognosis would be much better. 


Question 18 - Is she a diabetic? 

Data Requested - Blood sugar, history of diabetes. 

Goals 7 

Primary - Explore a predisposition to CPN: Diabetes 
subgoal to Case-bui ld CPN, - . 

Methods - P: Direct. 


| Expectation - Uncommitted. 


Answer - She’s not a known diabetic. The blood sugar was normal. 
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Result - P: Satisfied. 


PLIS - Ruled-out: Diabetes. 


‘Doctor’ s Commentary - What I would like to know ie whether there is 
anything that would predispose this individual to having pyelonephritis. 
That was:what 1 wee looking for before, ‘that: the’ might be obstructed on one 
kidney or the other’8 itontie ago. I would’ Tike! %6 ‘know whether she is a 
diabetic, since they are supposedly more eusteptiéle te infection because 
of the disease or instrumentation and whether she takes phenacetin for 
headaches or not. 

Commentary - An component of the variant of case-bullding that the doctor 
is using is determining if there are any significant factors that would 
predispose the patient to getting the disease. Most doctors use a weight- 
of-evidence procedure in evaluating ahypothesis <Shortilffe 74>. This 
“Involves adding up factors that support a hypothesis and apie those 
that are against it {Factors that’are neutral don’t count.). 
Predispositions are “indiract® évidence for a diteabe or other clinical 
condition, They cafinot be used to support # hypothesis unless "direct" 
evidence for a hypothesis levg. the characteristic findings of a disease) 
are also present. It should be noted how quickly li.e. how fex questions 
were needed) the doctor characterized the previous episode and its 


relationship to the current episode and hae moved on. 


Question 19 - Does she take phenacetin? Does the: take. aspirin containing 
compounds? 


Data Requested - History of medication for headaches, _ pecially compounds 
containing phenacetin or aspirin. 


Goale 
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Primary - Explore a predisposition to CPNS Phenacet.in 
and/or analgesic abuse. — i 


Methods - P: Direct. 


Expectation - Uncommitted. _ sabae 
Answer - - The patient. had taken 6 empirin. tablets a day for 15 years. 
Result - P: Satisfied. | | 


 PLIS - Possible: Phenacetin (analgesic). nephritis, 
Papillary necrosis = 

Urinary tract obstruction 

Grani-negative (sept! ey shock © 


Doctor’ s Commentary - I’m sure it took @ fot longer to’ dig that Information 
out than simply asking that time around. There is an increased Incidence 
of infectious disease of the kidney particularly papi tary” necrosis in 
patients who take increased amounts of phenacetin. or _phenacetin-containing 
compounds. So that would make me concerned first of al! not only that 
she’s got a. urinary tract infection, which I'd quite sure of by this 
time even before I'd done ‘a physical: examination or Vaboratory: data but 
make me concerned that she might have papillary. necrosis and might be 
sloughing a papi fla and blocking ‘five. ‘ ting! off Kidney or the 
other. And I'd. be more concerned about thie patient than another patient 
with it. Tl -weuldn’t ask aay other quest one: ‘at thls thee and I'd begin the 
physical examination. 


Commentary - This finding is one of the Key: findings in the diagnosis of 
this patient. (The final diagnosis wae APN superimposed on chronic renal 
disease, either phenacetin nephritis, chronic pyelonephritis or both and 
chronic renal failure.) Before discussing ‘the interpretation of this 
finding, consider the different methods that were used by the other doctors 
In obtaining it: | 


1. Through a review of systems ‘in the section 
about history of medications (Protocols 4 and 5). 


2. Through a review of systems (focused - 
on renal disease & hypertension) 
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asking about history of headaches. (Protocol 6). 


(It should be pointed out that the four doctors who uncovered the finding 
of phenacetin abuse had established CPN early-on in the interview as the 
most likely hypothesis for the underlying chronic renal disease.) The more 
common route for uncovering abuse of a drug is probably not the one used by 
this doctor. Questions concerning the use of medications gre normally 
asked as part of a systems review. It ie asked about here because 
determining predispositions is part of case-bui Idiing, the. strategy the 
doctor is using to confirm his principal hypothesis. The reason the dsctor 
says that it probably took longer to get that information is that patients 
are sometines very reluctant to divuige any history. of. salf medication. 

The element of phenacetin abuse significantly alters the dector’s 
hypothesis structure. While bath CPN and phenacetin nephritis are forme of 
chronic interstitial nephritis and both can occur in the sane patient at | 
the same time, the developmental history is now clouded. A complex 
relationship can exist among chronic. pyelonephritia, phenacetin nephritis, 
urinary tract infection and papillary necrosis. The. degenerative effects 
of both chronic diseases are. cummulative. It may.be. impossible even with a 
_ histological examination af the lesions. in. the. kidney to differentiate 
betneen a single or combined etiology. While both disease. predispose the 
_ patient to new episades of acute urinary. tract infection, it is phenacetin 
nephritis that is indicated in the development of canal papillary necrosis. 


For this reason the doctor works under the. ansumption that phenacetin 
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nephritis is present becaues of the seriquenses. of. papillary. necrosis. He | 
is primarily concerned with, the. possibility. that sone. obstruction has 
occurred as a resul t. of sloughing. a. necrotized.pap! iia. . Obstruction isa 
very serious condi tion In a patient with an acute urinary. tract infection. 
This. concern is. demonstrated in. a.partial way, by. his, dee! sion. to 

_ immediately go to the physical examination. . 

Question 20 - lat is her blood pressure? Pulea?,  Toxpera: 

Data Requested - Vital signs on admitting physical. oan. ; 


Goa , 
rimary - Confirm/Eliminate a comp! ication of APH TUTTI: 
Gram-r eget lve (eeptic) shock subaca| . , *2 Seles the need. for 
immedi treatsent sal i END IO e' the severity 
_ of the ilinees (how. eh Wad inthe. patient). . 


Secondary - 1. Confirm principal-parts Syst eyldence of active 
a _ infection: temperature > ert tprlg orig 2, eel to 


Confirm protetupe. APN | sybgoal to, Cape-pu is BN. 


Methods - P: Indiract: Extreme hypotension + fever/chills 
I s-Strong-Support eer i dence-For oe ive 
shock. oe Cott 
Sl: Direct. 


Expectation - Weak: Evidence of shock. 


Answer - Her blood pressure is 148/88, late; 138/88 siting. Puise 88. 
Temperature 98.4, ; Pease 8 


Result - P: Satisfied. 
Si: Not satisfied, 


PLIS - Ruled-out: Gram-negative shock. 


Doctor’s Commentary - I am going ‘to. ask. a ‘gort pf diceciad, physical 
examination-related. to the problem at acd baled ship: rice swhich would 
need to be done such as a neurological ‘exanions| joy ist. d iike to know . 
_ what her blood preseure is. If ehe were hypot rene ive on | taalen to the 


vw 
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floor with pyelonephritis, gram-negative shock happens and is much worse 
and needs to be treated much more rapidly than somebody who simply has an 
acute pyelonephritis which Is often tréated as an cutpatient...... after 
answer! OK, then at least although the temperature. is helpful there are 
some patients with gran-negat ive shock (dil ch she’ diven’ t have) who can be 
afebrile. 


Commentary - In terms of strategy selection, the baals’ for for choosing 
this question is the high priority of determining the need for’ immediate 
treatment of a potentially fatal condi tlon. The possibility of obstruction 
secondary to papillary necrosis superimposed on an acute urinary tract 
infection ia what originally activated the possibility of septic shock. 
While the doctor is aware that this is a diagnostic game, it is almost 
impossible for him to forget that he is @ doctor first and. remove hinsel f 
from hie normal daify concerns and routines. “Bvan’ théugh an elevated 
temperature is part of the APN. prototype and. contiraing it Epact of case- 
building for APN it is clearly a@ secondary 4 goal. 


Question 21 - Does she have CVA pain ee or. can ‘you feel large 
polycystic kidneys? 


Data Requested - Presence of CVA pain or palpable ee: 


Goals : 
, Primary - Confirm principal-part: Kidney Inflamation of 
APN prototype subgoal to Confirm prototype. APN. 


Secondary - 1. Explore a prediones! hen to PN: polycystic 
kidneys. 


Method - P: Indirect: CVA pain or tenderness Is-Evidence-For 
So ee of APN. - 
Slt Indirect: Kidneys not patpable Ie-Evidence-Against 
Polycystic kidneys: 
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Ex xpectation - Strang: CVA pain or. tenderness. . 
“Moderate: Kidneys not palpable. | 
Answer - The kidneys were not Paipale, “She had left CVA tenderness. 


Result - P; Satisfied. 
Sls Satistied. 


PLIS - Unlikely: Polycyetic kidneys. 

Doctor's commen lac - The CVA palin would.olaply Pe oe of. 
pyelonephritis. Polycystic Kidney disease (which Is not suspected by the 
history) |. must say would simply be another thing thet can predispose to. 


urinary tract infection...... {after answer} Which firet of all fits with 
her history and fite interestingly enough .W1.th .. that atone : £7. ears @go on 


the left side. 

Commentary - The doctor is continuing the case-bui Iding for acute oe : 
pyelonephritis thet star ted ui th Quest ian de As. the,, protogo| moves from 
symptoms and history to physical exam and . finely. to laboratory, data, the 

“evidence available is more objective (in the ‘sense of providing 
Increasingly more reliable tests of a hypothes!e). “Retering to ‘the 

| Prototype of APN In Append x 1, we can see ‘that It ie divided Into the 
three areas mentioned. Confirming the prototype reauitoe confirming each 
section. For APN, the physical exam section specifies that CVA pain or 
| tenderness, should be present. The. doctor’ ‘6 comment. that left CVA 
tenderness "fite" with the stone 17 years. aga indicates that he may feel 
that the pyelonephritis may be unilateral (or at, least more severe.on the 
left side). . ae | 

The second part of the. quest ion, about the possible presence of 
large polycystic kidneys, is very interesting. The hypothas i. that.Or. 


Kassirer and I worked out is that it is easier for the doctor to visualize 
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himeelf performing the physical examination that asking quéetions second 
as ‘Thus, when he sees himself examining the flank area for CVA pain or 
tenderness, he would almost automatically palpate for large kidneys. It is 
like arefiex: while I'm there I might as uel! find out about It since it 
costs very little. As the doctor indicates ‘there has-been nothing in the 
history to Indicate the presence of polycystic kidneys. 
Question 22 - Does ehe have eoerabie terdernese? 
Data Requested - Presence of tenderness over the bladder. 
Goals 
Primary - Confirm oeiselbalenerti Bladder irritation n of APN 

nm ‘prototype subgoal to Céntirm prototype 


Method - P: Indirect: ‘Superpudic tenderfiees I'6-Bvtdence-For 
Bladder irritation/inflamation. 


Expectation ~ Moderate: Superpubic tendernese | prevent. 
Answer - It's not mentioned. 
Result - Ps Not satisfied. 


PLIS - Unchanged. 


Commentary - Superpubic tenderness is optional. If ‘present, it is slmply 
supportive evidence, If absent, it ueighs Tittle against the hypothes!s. 
The frequency and dysuria are sufficient to confirm the bladder irritation. 
Again it’s simply a case where the data is very inexpensive to obtain and 
the doctor would himself have checked for It himestf while conducting the 
physical exam. 
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Question 23 - Now as far as specific GI findings, does she have bone! 
sounds, rebdund tenderness or not? 


Data Requested - Presence of norma! bowel sounds, absence of rebound 
tenderness. | 


Goals vO 
Primary - Eliminate acute GI disease. 


Method - P: Indirect: Normal bowel! sounds + soft abdomen. 
I 8-Strong-Suppor t ing-Ev idence-Againet Acute GI disease. 


Expectation - Moderate: Normal Gl findings. 


Ansuer - The abdomen was soft with normal bovel sounds. 
Result - P: Satisfied. : 


PLIS - Ruted-out: Acute GI disease 


Doctor’s Commentary - We sort of neglected. the nausea and - 

vomiting.... lafter: atiiuer'! We sort have gone through this as nausea 
vomiting frequency and dysuria but If you | ) back to that nausea, vomiting 
and weight loss you’d obviously have to- Sat \eaut a one track of your 
mind that rather this being a kidney Probie % ait this is.some acute 
abdominal problem. With soft ‘abdomen, horwal bowe) éountiy that goes to the 
bottom of the list, if you will and we can continue down the stream that we 
have been working on. So she has left CVA tenderneas, no palpable kidneys, 
no comment on superpubit’ tenderness, soft abdomen and’ forme! bowel sounds. 


Commentary - As the doctor has indicated he has pretty much gone along with 
his principal hypothesie and has ignored the possibility of acute GI 
disease. (He has thought thie unlikely all atorg though.) The best 

oppor tuni ty to rule-out acute’ GI disease te In the physical examination. 

He 18 possibly thinking about such diseases as appendicitis or peritonitis. 
A soft abdomen (absence: of rebound _ tenderness) and normal bowe! sounds rule 
these out as active possibilities. 


It is interesting to note the effect of a doctor* 8 mpeclarty In 


foe - ™ Tm We Mea Se Sp tarde yet tt 
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strategy selection. The protocol obtained. from a gastroenterdlogist is 
almost reversed in the order of which hypothesi« gets tested firet. . The GI 
specialist first explored and then eliminated the possibility of 


chronic/acute GI disease before going on to renal disease. 


Question 24 - What was her hematocrit? 
Data Requested - Value of hematologic test: hematocrit. 


Goals : 

Primary - Confirm/Eliminate anemia subgoa! to Confire/Eliminate 
principal-event: Development of advanced of CPN 
developmental scenario te; Exp Lare devaloprental 
stage CPN subgoal to Confirm setae CPN. 


Secondary - 1. Peles ‘the severity of the il Inga. 


Methods - P: Directs Hagin Jon + henoglebin low le-Prime- 
Facie-Ey) dence anenia.. 
Sl: Indirect: tes af anenia Totoro jactive-tisaure-0¢ 
the saver ity of the Illness. 


Expectation ~ Moderates Hematocrit near, normal @ - 47) 
Answer ~ Her hematocrit was 28%. Hemoglobin 6.8 grans. 


Result - P: Satisfied. 
Sl: Satisfied. 


PLIS - Confirmed: Anemia 


Doctor’ s. Commentary. - 1. would.go to laboratory ipfermation now... | would 
like to know now @ couple of things. I would like to know what her 
hematocrit, white count. and.differential are. .1 weatd Jike.to-.know her 
hematocrit simply as general information to see if her hematocrit was 29, 
I'd be concerned. that. she hae,been in renal: falivee{altheugh: we den’t know 
that yet) for a longer period of time or something else ie going on which 
I’ve totally neglected so far.... (after anesyer)Ihee's:interestiags Then 
In addition to thie question of Infectious acute pyelonephritis there is 
more. going on. than we are auare of. There are. tuespeasivi tities. One, 
she’s got & séparate reason for being anemic; we're going to have. to run 
down the evaluation of her anemia, or secondiy the anemia is part of her 
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renal disease and if it is. it’s Likely..ta be due to chronic renai failure 
which, 18 odd because we are told that..ehe.had.redatively norma! renal 
function or onig attghtly impaired renal, tune tlen Apmothe earlier. | 
don’t have any ansuer for that yet. 

Commentary - The doctor has in some sense opened ue Pandora’ 8 Box with this 
question. Anemia is a clinical. condition. with nary different etiologies: 
blood loss, excessive hemolysis (destruction of red: blood cells) or 
impaired production. The anemia of CRF. 1s ansoci ated: with impaired 
production but there are many other causes of ispered: production (folic. 
acid deficiency, splanis disordere,etce) » The. decter: te. facing: the | 

fol towing di lemma: he would enpect, to. one sone. degree of: impairment of 
renal function; that would be constetent with either phenacetin nephritis 
or CPN. It is the dense of renal failure imp! ied by the anenia as : 
compared with the measure of renal funetion 8 months PTA that | is 
disturbing. At this point in the protocol the doctor hae acertsd the tast 
phase of questioning - the laboratory findings. He does fot want to throw 
out the hypotheses he has. been working on and try something 1 new as ust: 


For this reason he pute aside the finding (dose not pursue it using a 


differential ciaonontie strategy) and continues down the infection/ehronic 


renal disease line. 


Question 25 - White count and differential? 


Data Requested - White blood cel] count, differential breakdown of white 
cell population. ; cere 


Goals 
Primary - Confirm Leukocytosis + Left-shifted djfferential 
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ubgoal to Confirm principal-part: Systemic evidence 
a ‘active infection of APN prototype: 1 to Confirm 
prototype APN subgoa! to gor 
to Confirm APN. 


Methods - P: Direct. 


Expectation - -. Strong: Elevated white count (leukocytosis) 
 &rd differential shifted-to-left. 


Answer - 9858, 63% polys, 30% lyephecytes: 3% ohos, 1% eosinophils. 

Result - P: Partially satisfied. 

PLIS ~ Unchanged. 

Doctor’ s Commentary - Her white count I’ be expecting to see elevated with 
a shift to the left, because everything that I’ve heard so far leads me to 
suspect there ie an acute infectious procese::..° {after answer? That is 
not as striking as I would have expected, but doeen’ t eliminate the 
possibility. - 

Commentary ~ The uhiite count and differential are two key signe in the 
confirmation of an active bacterial infection. ‘The normal uni te count is S 
- 18 thousand. With an infection the aan would be that it should 
be above 18 thousand. ‘But as the doctor has said a uhi te count of 988 
while not suppor tive of the hypothesis, doesn’ t ‘eliminate a Similarly 
for the differential. The expectation is that the percentage of polys 
should be larger; but the figure given is within the appropriate 
consistent range. The laboratory-data section of the APN prototype is now 


being confirmed. 


Question 26 - The next thing | oad like to know is what her a a 
looks like 


Data Requested - Results of urinalysis. 
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Goals. 
Primary - Confirm pyur ia a sungoa! to Confirm principal-parts 


Kidney-in?lamation of APN prototype steal to 
Confirm prototype APN. 


Second dary - 1. Confirm urinalysis hentai en ie , 
Consistent with APN gubgoal to Case-bulid 
APN. 


2. Contfirm/E! twinate (tate) ‘CRF gubgoal ‘to Explore 
Developmental stage CPN/Phenacetin nephritis, 


Methods - P: Direct. 
- Sl: Direct. ‘ ee , 
$2: Indirect: Low ‘eacitic gravity + renal failure cats 
 Te-Eviderice-For (late) CRF. 


Expec atatten - Strong: Pyuria present. 
Moderate: WC caste present. 
“Weak: ‘Renal falture casts present. 


 Anguer - Specific gravity 1.818, no suger, 1+ protein, ‘acid reaction, no 
red celis, filled with white cells. 


- Re esul: - Ps Satisfied. 
" $l: Parttalfy Satisfied. 
S2: Partially Satistied. 


PLIS - Unchanged. 


Doctor's Commentary - I am again looking at this specifically as an 
infectious disease of the kidney and trying to find things for It or 
against it. I would expect to see again, pyuria...... {after answer} That 
specific gravity fite with elther chrorle rénal fatturé or normal renal 
function depending on whether she is dry or nat. | know ee can acidity 
her urine which doesm*t surprise me‘Vérg mich. ‘I ‘kitow she’s got @ Tittle 
bit of protein in her urine which fits with some element of inflamatory 
renal disease arti that her sediment ie loaded wth whi te-cétie which ie 
again. most consietent with acute infectious urinary tract infection. or 
acute pyelonephritis lf she has flank pain a wall. 7 


ay ene ta 


“nen rene! disease is the central focus. ° “ithe other two ore the kidney x- 


ray and renal function tests). Ine sone sense the spirit « of the een 
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was violated by allowing the doctor to ask for the whole urinalysis rather 
than asking about each of its constituent tindings. It was very difficult 
to stop this, however, as this is the normat form for inquiring and 
reporting the results, ( Remenber that Qn. Kassirer uho sas “ansuer ing the 
questions is also a renal epecialist.) Regardless of. this, however, it is 
clear what the doctor was expecting to hear and how It fit into his 
strategical plan. His primary concern was to contirm.the component of the 
urinalysis that is evidence of acute Infection: . white cells or sures If 
there had been no pyuria reported, the diagnosis of acute infection would 
have been in doubt. As far as the secondary goals are concerned, it is 
important that the other components of the urinalysis are consistent with 
the diagnosis of acute infection. (Consistent in this sense means that 
white they may not support the diagnosis, neither do they argue ayainet 
it.) An optional component of this variant of cade-vullding is to ask 
about the most common consistent findings relative to the principal 


hypothesis. 


Question 27 - I would like to know if organisms were seen unspun? 


Data Requested - Presence of bacteria in unspun urine sediment. 

Goals : pte ak oe, saree 

Primary - Confirm principai-part: Evidence of active UT 
infection of APN prototype ‘Sebgoal to Confirm 
prototype APN... E bt 


Methods - P: Direct: Bacteria in.urine sediment Pere ore 
Evidence-For Active UTI. 


Expectation - Moderate: Bacteria present. 
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Answer - They were not seen. There were no casts. 


Result : P: Not satisfied. 


PLIS - Unchanged. 


Commentary - If the urinary tract infection is still active normally the 
stained sediment will reveal numerous bacteria. Therefore, the answer is 
slightly disturbing to the doctor. The confirmation can be made on a 
quantitative urine culture (and was in this case), #0 the hypothesis need 
not be rejected on the basis of this finding. The finding is also 
suggestive (though not very strongly) of obstruction, especially if the 
infection “Is localized to one kidney. 
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Question 28 - The next thing | would. like to know would be the level of her 
renal function. , 


Data Requested - Values of renal function tests. 
Goals : | . 
Primary - Confirm/Eliminate (late) CRF subgoal to 
Explore developments; stage nacetin nephritis. 


Methods - P: Direct: Elevated renal function test Is-Prima- 
Facie-Evidence-For Renal failure. 


Expectation - Strong: Slightly impared cena junction: 
Answer - BUN 96. Creatinine 9.4 — | | 
Result ~ P: Partially satisfied. 
PLIS - Satisfied s CRF (late) 4 
Possible: “Severe bilateral pyelonephritis" (a severe form 


of APN) 


Doctor’s Commentary - That’s enough to stop and make a tentative diagnosis 
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and then begin to look for some other things. She's got renal failure. 
It’s acute in terms of months, that is from'8 months ago till the present 
time, she’s had a very rapid detericration inher .repal function. And we 
know she’s got an infectious process going on in her kidneys or at teast 
everything is consistent with that. That degree of rapidity.of renal 
failure over 8 months is much more likely that I would expect to see in 
somebody with chronic pyelonephritis and would make me suspect something 


super imposed, .¢i ther. severe bilateral. pyelonephritis .and some preexieting 
disease. That could happen. Or obstructién. Again, we’ve’got that 
history of phenacetin ue’ve been told about and papillary necrosis. 
Commentary - Again, some degree of impairment of rénal function would be 
consistent with the hypothesis of underlying chronic renal disease. What 
the doctor must now explain is the degree of decline in renal function over 
such a short time. The actual fact is that the seasirement from 8 months 
ago was not accurate and her renal: funétioh had been mich’ lower at that 
time. What is concerning him now (and concerned him for the remaining part 
of the prototol) is the possibility of obstruction résul ting. from papillary 
necrosis secondary to phenacetin nephritis. If a papilla had disloged and 
had obstructed one or the other kidney , this could explain “hat scons to 
be a very acute drop in renal function. | - 


tte baked oe Se Oe ee ee a ee ee 0 ee ww ee OO ae ae OO ee Oe 


The analysis of the remaining portion of the:protocol will not be 
included here for two reasons. The most ldgior'tadt te thet’ as an siete to 
his next question concerning kidney size bg IVP, he was given inaccurate 
data. (As this was the first protocol, wehad not discovéred that. the x= 
ray report en in ron The secon reason Ie that by this time the 


' peader should have had sufficient exposure to 'the annotétion techniques 
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that were applied to the protocols. 
In the next chapter I present a mode! to describe the strategies used 


in this and the other protocols. 
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CHAPTER 3 
THE STRA’ “ — es 


Most theories of problem-solving Incorporate the concept of a 
strategy. By a strategy what is meant is a plan that specifies a sequence 
of steps that will (hopefully) result in achieving a desired goal. The 
sequence of steps that form a plan is normally arrived at through a 
decomposition of the original problem into a set of sub-problens that aK 
considered easier in some sense to solve. The relationship between the 
sub-problems and the original problem can be formally represented by an 
AND/OR goal-tree. 

There are two distinct but closely related planning activities 
involved in taking a present iliness: data acquisition and diagnosis. One | 
plan is needed that specifies what to do with each piece of data once it 
has been obtained and another i need that specifies what data to look for 

next. Diagnostic strategy is defined here as the set of goals and methods 
that guide the evaluation and interpretation of findings, the formation and 
* testing of hypotheses and the handling of competing hypotheses and 
discrepant information. Oata-gathering (or dete-scquisi tion) strategies 
determine the content, form and sequence of the questions that are asked. 
Since the focus of study in my research has been describing data-gather ing 
strategy, whenever strategy is mentioned it is meant to refer to this 
strategy. | 


The model I developed to describe strategies and strategy selection | 


e 
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call the strategy frame mode! (SFM). The essence of the mode! can be 


stated as fol lous: 


A strategy frame is a data-structure for 


describing a strategy. A particular strategy 
frame is intially suggested to the doctor by 


some feature of his internal diagnostic — 
configuration (I0C). The IDC is the doctor’s | 
problem space - his internal representation 

of the external environment for the task of 
.dtagnosis.” A strategy frame contains a set of. — 
conditions of the IDC under which the 

strategy is potentially applicable. If these 
conditions are met, the associated strategy is 
selected. , 

The concepts underlying this mode! have been influenced by the work of 
many people; Minsky’s frame theory for the representation of knowledge 
contributed significantiy to the theoretical basis. <flinksy 74>. The 
application of frame theory to the representation of medical knowledge by 
Pauker and Sussman (later refined by Schwartz and Gorry) was a major 
influence. <Pauker 75>. Newel! and Simon's work on..the representation of 
problem spaces and Newe!!’s MERLIN program also played a. significant role 


<Newel| 74>. 
3.1 Strategy Selection via Strategy Frames 


What is required to apply frame theory to strategy selection is a 
representation of the doctor’s problem space (which I have called his 
internal diagnostic configuration) such that classes of configurations 


appropriate to the selection of a particular strategy can be identified. 


Re re 
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In the strategy frame model, the IDC is represented by a set of descriptors 
divided into two basic components. The first is a component I call the 
patient model and the second is the current status‘of the doctor in the 
diagnostic task. The patient mode! isa representation of the doctor's 
diagnostic thinking about the present i] inees of the patient <Si | verman 
74>. It consists of such things as a list of classified ad ordered 
hypotheses. A typical disease hypothesis on thie fist is classified by 
_ features such as being acute or chronic, single or multiple etiology and 
episodic or non-epi sodic. The list is ordered by likelihood. The features 
of reported findings are also included in this component. Included in the 
current status component are euch things as the phase of the interview and 
the siratege being used. a _ 

The stereotyped objects to be "recognized" by examining the IDC are 
those configurations that are associated with the selection of the 
strategies that have been identified through the protocol analysis. Each 
of these configurations forms the set of conditions of @ strategy frame. 
For example, associated with a strategy of confirmation isa configuration 
that characteristically has a single hypothesis classified as LIKELY, while 
elimination is associated with three or more LIKELY hypotheses. Chronic 

_ diseases are associated with a variant of case-building that requires 
confirming the disease’s developmental scenario. 
The methodology described above for strategy selection is related to 
the selection of methods based on problem-space configurations found in the 


“work of Newell and Simon, Hewitt’s stereotypes <Hewi tt 7$>, Schenk’s 
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scripts <Schank 75>, and Malhotra’s ruse/strategen frames <Mlalhotra 75>. 
3.2 Constituents of Strategy Frames j 


A strategy frame consists of two basic componente, The first is a 
prototype which is a description of the class of configurations that is 
suited to the use of the strategy. The eécond component is. the strategy - 
a plan detailing a next step or seuérice’ of “etepe in the present itiness 
process if the prototype is successful ly matched. The second component can 
be optional. | | 

The prototype consists of a set of terminals as. in most frame 
structures. Each terminal refers to a specific feature of the internal 
- diagnostic configuration such as the number of active hypotheses, the 
presence of a causal link between tuo active hypotheses or if an 


immediately life-threatening symptom has been reported. The terminal 


specifies a condition that must be met by the feature refered to. If this 
condition is met the terminal has. been matched successful ly. Associated 
with each terminal is a score that Indicates the relative importance of the 
feature to the selection of the atrategy. A terminal can also consist of a 
logical construction formed from AND, OR or NOT operators applied to set of 
features. Another strategy frame can also serve as a component of a 


terminal. 
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CASE-BUILD-1 18 @ confirmation strategy that is applicable under the 
following conditions: 


1. The principal disease bypethesia. (POR). 
is an acute, single-etiology disease. 


2. There are no other likely hypotheses. 


3. Absolute score of PDH > .8 
Relative score of POH > 1.8 | 


4. No CAUSE or COMPLICATION links into. the,PDH.. 


Se ee en a ee ee ae a se ee a a a ny Oy Oe EY OO PO OP a OS SY DD ED OED OD 


(PROTOTYPE CASE-BUILD-1 
(TERMINAL NUM-HYPS (TRIGGER). 
C(TOTLIK 1) (SCORE 67)” 
(TERMINAL HYP-CLASIF 
((ANO (ACP ACUTE) 
S OLSEASE) 
Neto SENGLEN) 
(SCORE :S))) 
(TERMINAL HYP~-SCORE 
(CAND. {> .8)). 
MO sere (0 iveiy" 
(SCORE 4))) - —— 
(TERMINAL iA eels j 
((ANO_ (NOT (LINK-TYPE PDH CAUSE-OF ‘i 
“(NOT “tL ICT PO PLATO md) 
(SCORE 3) 


(FAILURE-L INKS 
(IF (TOTLIK’ 2) (ACTIVATE DISCRIMINATE-1)) 


(IF (TOTLIK (> 2))- (ACTLVATE MN “1)) 

th yea ee Cava Seton 

(IF (ACP CHRONIC) (ACTIVA . 

(IF (NETION MULTIPLE? (crime BAER 
(STRATEGY a 

((GOAL (CONFIRM (PROTOTYPE POH))) 

(SUGGES TED-NE THODS 


(IF (PHASE LABORATORY) (TRY DIRECT-CONFIRMATION) ) 
(ELSE (ASSESS (PRINCIPAL-PARTS (PROTOTYPE PDH))))))) 


Figure 3.1 - Strat frame for ILO~1 
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The strategy component specifies the.pian.ia the. form of an. AND/OR 
goal-tree. Associated with each node of the goal-tres.is a {possibly 
empty) set of suggested methods. These.methods can.either be direct or 
indirect. A direct method represents the conversion of the goal (through 
syntactic means) into the form of a queation. An indirect method can 
either be the premise of an JF-THEN type rule ar a.reference to another 
strategy frame. In the situation where there are no suggested methods 
associated with a goal, the (bound) goal will index a. library of methods in 
order to select a method appropriate to the finding or disease hypothesis 
under consideration. . oe 

Figure 3.1 shous an example of a strategy frame for a variant af the 
confirmation atrategy called case-building, Appendix 2 contains a listing 


of variables and the feature of the IDC to which each refers. 
3.3 Organization and Operation of the Strategy Frame Syates 


A strategy frame can be activated by the appearance of. a particular 
feature in the IOC through the terminals, of the frame that. serve as 
triggers. A strategy frame canbe considered. ae, a.candidate only if it has 
been activated, The frame, system is arranged in euch a way, however, that 
the majority of the strategy frames can. only be activated through. the. 
suggested methods of the goal-tree.of a. successful ly-matched, higher-level 
strategy. The suggested methods. associated.ui th; each.goal act. as guides in 


filling out the details of the tree, These getai| Jinks can bind. together 
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large numbers of etrategy frames into complute sub-systems. 

If the set of suggested muthods contains references to other strategy 
frames, each-of these may be ‘acti vated.and-@-match attempted. If such a 
. gubframe is also successfully matched, the associated strategy replaces the 
original wethod-in the goal-tree. Global considerations are taken Into 
- account by imposing conditional teats on the selection of a member from the 
set of suggested methods at each node of the goal-tree. In this way 
overall! control of the process of strategy selection can be maintained 
uhile still allouing more local details of the configuration to determine 
lower-level strategy. This process continues until all the terminal nodes 
of the goal-tree are astociated with either a single direct or indirect 
method. The process of transfering global ‘information can be seen in the 
sample strategy frame where the phase of the ‘iittervieu' te ‘taken into 
consideration. | 


Another form of organization is imposed through failure links. Each 


strategy frame maintains a list of alternative frames to activate if the 
terminal-matching procetiure is not succlbsful. (The terminal watching 
procedure is not successful if a feature’ wenttohed in‘ the premise of a 
failure=link rule does not exactly matcH the condition imposed in the 
terminal it ls a part of.) Each’ frame wentibied ae an alternative is 
either an unrestricted alternative or le associated with a specific reason 
for failure. It is important to note”’here’that failure’ in’ thie context 
does not mean the failure of a strategy to be diagnostically productive 


after it has been tried, but that it fails to mest selection Conditions 
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before it is applied. 

The process of constructing a strategy from the atrategy frames. should 
be viewed as a form of progressive refinement. Sone. feetures of the 10C 
are more impor tant in the selection of strategy. than, others. The sequence 
of choices made in the process of constructing a complete goal-tree, from 
the highest-leve! node to the leaf nodes, reflects this implicit hierarchy 


. of features. 


3.3.1 Strategy Binding and Special Strategies 


Strategy binding is the process of replacing the abstract structural 
elenents (such as the principal-part of a disease prototype) mentioned in 
the goal-tree with the specific referents of a disease frame (e.g. Bladder 
irritation is a principal-part of the APN prototype.) As an example, 
consider the clase of diseases that have as a principal-part the reduction 
in function of an organ or organ systen. Examples of this kind of disease 
include cirrhosis of the jiver, Kimmel stein-Wi ison disegee and myxedema. 
In applying a strategy of confirmation to each of these diseases, a disease 
prototype match must be made. A part of this matching procedure speci fies 
determining the level of organ function. Thie ead be represented by @ 
goal such as: : 

(GOAL 


FIRM | are 
(PRINCIPAL-PART (PROTOTYPE DISEASE-NAME) 
(DECREASED-FUNCTION ORGAN-SYSTEM) ))) 
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Included in the set of suggested methods associated’ ul'th this eee Would be 
the fol lowing we thod: asi goabagws Va see kg ei 
(METHOD INOTRECT. 22. Spe ae 
are are a onc SrSTEN FNC T1ON} 


Binding the general strategy to each weet ipspak etitu: reaul te in the 
fol lowing bound strategies: 


( (GOAL 
(CONFIRM 


(PRINCIPAL PART (PROTOTYPE CHASSIS) ents 


ig peo INDIRECT 
08, tit ¢ 2A ain | 


"Ue ae ce ae 


PAL-PART “(PROTOTYPE KIMHELSTEIN-WILSON) 
(DECEASED -FLAKTON KIDNEY) 


bn 


“(METHOD 


USSESS. (CREATINING (> 1.69) 
ABUN (> 58) 


TAM ee te Paie © : {joe 
_ (PRINCIPAL -PART TOTYPE MYXEQENA) 


“eTHO0 JNOLRECT . 
[ao (PBI (< 3. 5) ; 
“A (x SORFd)0)— a ee 
- This binding procedure results in the construction of a strategy that is 
tailored for the specific, diseases entity under, conaldsratton. 
It can be argued that expertencéd clinicians within a specialty tend 
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to see many cases that are very similar both in mode of presentation and in 
final diagnosis. A Fellow at the Renal Clinic at the, Nene estinated that 
one-third of all new cases refered to. than have uriexpliained hyper tension as 
the presenting complaint. Huser tenbie: isa dleesse: that is closely 
related ‘to a strategy called causal. skclus ion: (se@ Section 4.3). It is 
thus reasonabie to. aseune that repeated binding of @ ‘strategy with respect 
to a specific disease or r hypothesis structure bias to associate the bound 
strategy with that disease. A strategy that te retained and associated 
with a disease is called as anscial strategy. The strategy frame model is 
flexible enough to ation special strategies, The existence of a special 
(pre-bound) strategy associated with one of the currently active hypotheses 
can be made a feature of the 10. A strategy rae ts then added which 
essentially acts. Likes *buck-pansar* it nates the presence of a special 
strategy as part of its prototype. Unen this frame is. activated and 
successful ly matchees the sugges ten methods ae point to the special 
strategy contained in the disease frane Gunich can then be selected as the 


‘current strategy). 
3.3.2 Is It a Realistic Model? 


The use of frame theory to describe 8 strategics in some sense does 
violence to the original concept lore a Minsky. White there is not direct 
evidence for frame theory as ane explanatory nace ® (i.e. a theory of 


diagnostic proptem-sotving) it is pecans a argue | ‘that it is not an 
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unreasonable explanation: 


1. 


2. 


Through repeated experience in the process 
of. taking a present. iliness. dactors, develop 
strategies to deal with each possible con- 
figuration of the IOC,: .. bs 


At each level of expertise, within. a particular 


- specialty the underlying knowledge base of 


medical facte possessed by.eech doctor is, to. 
a close seer ner ea “— same. 


Knowledge of strategy is an n integral part of 
the doctor’s knowledge bave.. 


It is unreasonabie to assume. ‘that doctors - 


associate with each individual disease and 
with each possible grouping. af diseases a 
seperate set of strategies. 


Theratore,. it seems likely that to a heloniticent 
degree what determines. the sel ection. of: a ; 
strategy are the features shared by sets of 
diseases: and findings ard the classes of > | 
structural bcebiasiaal ae iat can exist age 
diseases. : 


By features of diseases I mean euch things as the acute vs. chronic 


classification. Structural. relationships are CAUSE, COMPLICATION, etc. If 


indeed doctors do key their strategy selection in Bact on these features 


and relationships (and the protocol! analysis provides some confirmation 


that they do) 


then the strategy frame mode | is not unrealistic. 


3.4 Diagnostic Style and the Strategy Frame Mode | 


If it is indeed true that ‘(at least four of) the doctors who were 


subjects have approximately the same under lying (medical) knowledge base 
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(which includes the knowledge of how to take a present iliness), how can 
the differences in behavior found in the protocols he accounted for and 
incorporated in the SFM? One obvious ansuer is that even though they had 
heard the same Information, ‘they had different diagnostic configurations 
(e.g. different hypotheses). If ue ascune, however, that they had the same 
configurations this viriation in behavior is disturbing. - A subset of this 
"variation can be easily accounted for by the SF ae it stands. Variations 
can be produced by asouning that the choice of a } Rode from the set of nodes 
at a particular level within the goal- ~tree isaa fea choice. One kind of 
behavioral variation that this can produce” is a ‘permutation in the question | 
order uithin a set of closely related questions. This can be seen, for 
example, in a strategy of contirnation that calls for matching | the 
princtpal-par ts of a ere prototype. The selection of which principal- 
part to inquire about first can be made a free choice Cin mary 
circumstances). Free choice could result in significantly altering the 
diagnostic configuration (and the resulting behavior) if @ crucial fact 
that is at variance with expectations is uncovered at an earlier stage. 
The choice of completely different strategies (under the assumption of - 
identical diagnostic configurations) must still be accounted for within the 
SFM. 1 use the term diagnostic style to refer to the variations in 
behavior among doctors Kesdlting from the selection of different 
strategies. It is useful to get a feeling for what this kind of variation 
is like, Some doctors eeen to be wore aggressive in. pursuing.a hypotheses; 


| they ask more questions directiy related to its final confirmation at 
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earlier stages in the interview. In contrast to the "aggressive" style 
there Te a more "cautious" style. A doctor having ‘this style tends to 
explore many different areas before focusing in on ‘his principal ‘disease 
hypothes!@ or he might Intermix the confirmational questions with — 
explorational questions. This kind of péhovlon Cad be explained in a 
number of ways. There can be a high cost ‘associated uith mlaeing Important 
information and thus some doctors are careful not to be led down @ "garden 
path." Alternatively, the doctor may not ‘feel comfortable with @ high 
level of comp|ex! ty In the hypothesis structure or with a certain area of | 
disease and alght try to eliminate unt ikely possiblities before attempting 
“confirmation. Doctors are alec auare of the fact that a patient my have 
multiple, unrelated probiens while only Presenting with ‘findings of one of 
them. Many disease processes ‘such as cancer or prevazotonic renal. fai lure 
can be “silent” In early stages, : 

Variations can be seen in how doctors choose and pureue a “Finding. 
Some doctors choose to exhaustively characterize a finding already obtained 
before seeking any new findings. | “Other doctore try, to expand the ‘total 
picture they have of @ patient before going atter evecitic finding 
character izations. Occasionally, a doctor’ witl reverse ‘the normal sequence 
of current symptoms - past related nedicatl ‘ntatory ‘and. Immediately ask 
about the history. i : i 

The descriptions I have presented are imprecise and impressionistic: 
they wire Intended to give a‘ resder & brosd: “évervien ee the range of | 
variation that is‘observed. Any mode! that clalas te ‘Be able to reproduce 
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the behavior to doctors in taking the present i|iness must include the 
factor of diagnostic style. . The SFM. provides a framework. for ingluding 
diagnostic style. It can be included: bu. weighting. the scoring of the 
tr _franes. | | ‘ var 

‘Associated with the matching of each terminal .of.strategy frame is a 
score. This score ie @ measure of, the, Impartenge af the feature in the 
selection of the particular strategy. The total score is obtained by 
adding the scores of each. terninal. This. score represents the weight-of- 
evidence in favor of selecting the strategy. By apsigning @ weighting 
system to the elements of the diagnostic. configuration variations, in the 
selection of strategy can be. produced, - (Notes, The. weights are assigned to 
the variables of the 10C, not to the features.of the case that caused 
assignments to the variables.) 2 | oo . 

When a terminal of a strategy frame is. matched to @ element of the 
IOC, the matching score is now calculated by multiplying the element's 
weight with the terminal's rau score. (Of course the weighting system must 
use normalized weights.) The entire frame is then scored by adding up the 
individual weighted scores for each terminal. This will reorder the scores 
of each strategy frame in a different uay. | 

It is not obvious how this would work, 80 consider the effect of a 
particular weighting scheme. If we want te produce an aggressive style we 
would assign heavy weights to each element of the IDC that involves the 
presence of a LIKELY hypothesis. By doing this we tend to swamp the 


contributions by the other elements of the configuration. On the other 
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hand if we want to’ produce amore cautious style we would weigh these same 
elements very fittle. To produce a style that tends to characterize a 
finding once obtained, we heavily weight the IDC element that specifies the 
presence of a differentia! characterization network for @ finding. While 
this description does not tel! the uote story of how style ie incorporated 
into the SFM, it shous that the model is flexible ehough to include it in a 
rather simple way. ince ad . 

Style Is perhaps the feast understood facet of human problem-solving 
behavior and specifically, the problem-solving behavior of doctors. 
Dombal, who examined the protocols of doctors taking a case of abdominal 
pain was forced to conclude that (probably because of the effects of style) 
that there was no such thing as the “diagnostic process.” <Dombal 73> In 
other problem domains it may have as much effect in’ deterai ning time-to- 


solution as intelligence and domain-specific knowledge. 


RBI gst k TER 
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In this chapter a scheme is presented (68 classifying the data-gather ing 
strategies from the protocols. For a long time one type of strategy has 
dominated the thinking of the medical profession - the differential 
diagnosis of a symptom (such as abdominal pain). The codification of thie 


approach in a book such as French's Index_of Diff ential Dia sis was 


considered an important step forward in the systematic organization of 
diagnostic procedures. Of course, many doctors nou accept that diagnosis 
requires a larger repertoire of strategies. . eee 

The classification scheme presented below was developed by assessing 
the intended effect of each question. It was clear that the answers to 
certain questions (or groups .of questions) would have the effect of 
establishing a hypothesis if the ansuere net the expectations of the 
doctor. On the other hand, there were questions that, were aimed at 
removing a hypothesis from contention or deciding which of two different 
but closely related hypotheses was better. Finally, there was a class of 
questions whose intended effect was to develop a new hypothesis or sharpen 
an existing one. The names I have assigned to each of these different | 
types of goals are Confirmation, Elimination, Discrimination and 
Exploration. A strategy is assigned ‘an of these four categories based 
on the intended effect of its top-level. goal. The protoco! analysis. 


revealed that within each of these categories there was a wide range of 
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variation; there are different types of confirmation , elimination, 


discrimination and exploration strategies. The classification of 


strategies within a category is made on the basis of the method used. Ina 


direct method, the data sought is the same as (or equivalent to) the entity 


to which the goal is being applied. In an indirect method, the data sought 
is derived from the premise of a rule that associates the data with the 
entity to which the goal is applied. 

A schene for classifying strategies says nothing about the conditions 
for the selection of a particular strategy. In addition to ite value as an 
observation of underlying structure in the éxper imental data, however, it 
can give us a way of viewing strategies in terms that can aid in our 
understanding of the clinical decision-making process. If each question 
asked by the doctors represented a different type of strategy our ability 
to describe and understand the doctor’s problem-solving behavior would be 
very limited. It is the existence of similarities among the goale of the 


questions that makes a classification scheme for strategies possible. 
4.1 Confirmation Strategies 


Confirmation strategies are strategies to establish or validate a 
hypothesis. They ere characterized by questions that seek evidence that 
will support the hypothesis to be confirmed. “Further, the type of evidence 
that is sought is positive evidence. This means findings that are 


characteristic of the disease, clinical state, etc. under consideration. 
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This is in contrast to supporting a hypothesis by evidence that that tends 
to weigh against competing hypotheses. . 
Evidence can be classified by its relationship to a hypothesis. 
Sufficient (or prima facie) evidence is sufficient to confirm a hypothesis. 
For example, dysuria is sufficient evidence for bladder irritation. 
Necessary evidence consists of findings that must be present or the 
hypothesis is rejected. Supporting evidence consiate of. findings that add 
weight in suppor t af a hypothesis. Gonpiatent evidence is similar to the 
legal concept of circumstantial evidences it can npt be used to support a 
hypothesis unless there is direct supporting evidence, Negative evidence 
consists of findings that weigh against or are inconsistent with a. 


hypothesis. 
4.1.1 Direct Confirmation 


Direct confirmation strategies are contiraaticn:elrategios that use 
direct methods. They can be further subdivided into expert witness and 
- prima facie confirmation. Expert wi tnesses are those doctors who have 
obser ved the patient at sone time in the past and have evaluated their 
medical status. In addition, the doctor has reason to trust their 
conclusions. An example of this siketeus is the fol loving, the doctor 
wants to confirm a history of previous urinary tract infections: 


D: Did they (the doctore at the hospital) 
arrive at a conclusion from the IVP. 
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“Kt She was said to have a bilateral staph. 
pyelonephritis. . 

As our protocols demonstrated direct confirmation using the expert witness 

method will be quickly abendoned once the ul tness haw proven tobe - 

unreliable. In general, however, doctors must rely on’ ‘the previous 

hospital records on reports fron ‘other doctors to @ certain extent. 

Prima facile direct confirmation ts normally restricted to physical 
wiaa netted or ‘taboratery findings but can te used in other phases as the 
example of the dysuria demonstrates. Thie strategy can best be understood 
by observing that asking for prime facie evidence ie equivalent to aeking 
if the patient has the condition belng tested for. Asking if the - 
creatinine value is elevated is equivalent to asking if the patient has 


renal failure. 
4.1.2 Indirect Confirmation 


Indirect confirmation was the most ieonon alee tebs found in the 
protocols. A single application of this strategy generated from one to as 
many as fifteen questions. Indirect confirmation strategies ere based on 
the use of finding-di seace association rules. the ‘garieral form of these 
rules iss . 2 = 


evidence-for ' 
<collection of findings> --------------> <ejinical condi tion> 
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In ‘he simplest case for example, fever is evidence for an active 
infection. For anything other than very simple condi tions the collection 
of findings is a complex, highly-structured set consisting of many 
elements. If a sufficient collection of positive findings ie found, the 


clinical condition is considered confirmed. 
4.1.2.1 Case-Building - An Indirect Confirmation Strategy 


Consider the task of a district attorney prosecuting a case against a 
defendant. In order to be successful he must show @ number of things: 
1. A crime has been committed. . 


2. The defendant had the opportuni ty 
to commit the crime. 


3. The defendant had the necessary 
“tools” available to him. 


4. The defendant had a motive for 

' Committing the crime. — 
In addition, he must demonstrate a prima facie case. (A case built 
entirely on circumstantial evidence wil! be thrown out by the judge.) A 
case of homicide is a good example. To show that a homicide was committed 
a body must be found. To show that the defendant had oppor tuni ty there 
must be evidence (witnesses, credit-card trails, etc) that the defendant 
was near the victim at the time of the murder. If the victim was shot, the 
prosecutor must produce a gun and show the. defendant had possession of it 


at the time of the murder. To show motive the DA must prove that the 


LS coil gs Sot é a ae 
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defendant had @ reason to kil! , either gain or animosity, for example. Of 
course If enough credible witnesses san the défendant pull the trigger, the 
| other sienehte aight not be necessary (Ai though fotive is impor tant in 
determining which degree of homicide the defendant wil be prosecuted 
| for.). } . - 
Case-bui iding in medical diagnosis is similar to this legal example. 
(Of course the doctor is not bound by the rules of evidence.) “the concept 
of opportunity is found, for. example, in the consideration of a patient who 
seems to have a disease that has a clear demographic distribution. The 
past presence of a patient in a place there he ould have been é@xposed to a 
certain kind of infectious disease would normally be confirmed if the © 
doctor is considering as a diagnosis an. Intection. that ie localized to that 
part of the world. The. analogy. of “teois" can be sean in diagnosing 
“alcoholic cirrhosis of the liver. The doctor must demonstrate that a 
sufficient amount of alcohol was avai lable, and. consumed by the patient. 
The concept corresponding to motive in medical gieoneese is predisposition. 
A person with diabetes mellitus. is predi spoeed to having urinary | tract 
infections; he has a. “motive” for getting the disease. 
This analogy ike most analogies) can be overdone. The point I would 
like to make ie that in attenpting to confirm a disgnostic hypothesis a 
great deal of evidence of different types. must be. gathered. “Case-bui Iding 
is not a single strategy but a collection of ‘etrategies, The variant of 
case-building that the doctor uses depends on the nature of the disease 


hypothesis to which it is applied. The three major variants that I have 
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identified correspond to the classification of a disease.as acute, single- 


phase, acute, multiple-phase or chronic. 


An acute, single-phase disease is one that develops over a short time 
period and has only one phase of development. Examples are influenza, . 
acute myocardial infarction (heart attack) and APN. Case-building applied 
to this kind of disease. is characterized by an attempt to confirm the 
disease prototype. It is difficult to give an.exact definition of what a 
prototype is. The working definition that most of the doctors seemed to 
use is that it isthe collection of signs and eumptone that they would 
expect the patient to have if the patient had the disease. It includes all 
the findings that are necessary evidence. For exanp!s, ‘the prototype for 
influenza iss 


(PROTOTYPE. INFLUENZA 
(SYMPTOMATIC-HISTORY-REVEALS 
(ONSET 
(CONSTELLATION. 
(FEVER AND CHILLS: NO. MALAISE)) 
(BETWEEN: (18 MtiM) (2 WR) )) 
AND MUSCLE~ACHES Wi 
AND COUGH 
AND NASAL-STUFFINESS. 
AND (OCCASIONALLY PROSTRATION 
ANO NAUSEA 
ANO CORYZA)) 
(PHYSICAL-EXAMINATION-REVEALS .... 
MILD-PHARYNGEAL-INJECTION AND 
CONJUCTI VAL -REDNESS) 
ALABORATORY-DATA-REVEAL 
LEUKOPENIA) ) 
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The prototype for APN can be found in Appendix 1. 

A variant of this form of case-bullding is used for acute, multiple- 
etiology diseases when the etiology ie a factor in determining a treatment, 
acute pericarditis, for example. This variant of ¢ase-building will 


typically invoke a sub-strategy to determine the etiology. © 


The diseases that fal! under this clessification are short-term with 
two or more distinct phases of development. Examples are acute 
glomerulonephritis and acute tubular necrosis (acute renal failure). This 
strategy is characterized by confirming a set of prototypes, each | 
representing @ phase of the disease. The prototype—-set aise includes the 
time-relationships among the phases. For exanp le,: the set of protetypes 
for acute tubular necrosis: 

{PROTOTYPE-SET ACUTE-TUBULAR-NECROSIS 
( (PROTOTYPE OL:1GURIC~PHASE 
(QLIGURIA AND 
RED-CELLS AND 2 
- GRANULAR-CASTS ... ETC.)) 
{PROTOTYPE OLURETIC-PHASE 
(POLYURIA ... €7C€.9)) 


(TIME-BETHEEN (OLIGURIC-PHASE OIURETIC-PHASE) 
(BETWEEN (2 DAYS) (6 WEEKS)))) 


In the case of a multiple-etiology disease such as acute renal 
failure, where the etiology is a factor in determining the treatment, a 


sub-strategy may be invoked to determine the cause. 
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Case-Bui Iding-3 - Chronic Diseases . 


Chronic diseases are long-term diseases that may gr may not have acute 
episodes. In many chronic diseases the presentation may not have a 
characteristic prototype depending on the stage of development. In order 


to character ize chronic diseases a d velop ental sc nario is needed. This 


scenario: is similar to the connec ted. ‘phases associated with acute, 

mul tiple-phase diseases. It consists of a “sequence of events and their 
associated time relationships. Occasional ly, the sequence of events is 
very clear such as the three stages in the development of syphilis or a 
history of rheumatic fever in rheumatic heart disease. ith many cases, 
however, there is no single sequence of events that can characterize the 
‘development of a chronic disease. When this is the case a set of 
alternative scenarios is encased together and cailed the story of the 
development of the disease. Included in this story are the common features 
of the different scenarios. For each scenario there can be findings that 
are independent of the stage of development. A typical pattern of 
questioning in: the protocols was for the dector to try and establish the 
initial point of the story. In many diseases the initial event is the 
common locus for all the scenarios. Even when this is not the case, the 
initial event can be a good guide to the selection of the appropriate 
scenar io. 

Thie variant of case-bul!ding does not have as rigid a sequence of 

actions as do the other variants. There oré;: hotever: definite components 


of the strategy that are normaliy attempted (regardless of the order’ in 
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which each Is tried). They are: 
1. Confirm the initial event (including 


prerequisites). The initial event _is-nermal ly 
associated with the cause of the disease. In 


this situation it is called the precipitating. 
event. 

2. Corifirm the developmental ecanarie by ‘contiening 
each principal event... This-oen determine the 
stage of development. 

3. Confirm the time-independent findings. 


4. If the disease hae a typical ‘acute resentation, 
confirm the associated prototype .. «.. 


5. Confirm any. prediapositions.to the precipi tating 
event. 

An example of this strategy,is in. the. protoce! enalyzed.in Chapter 2. 
Here the doctor wished ta confirm chranic. pyelonephritie, - Tre: 
precipitating event was an initial. urinary tract infection in aesocietion 
with a kidney stone 17 years earlier. The scenar.ie that: the doctor chose 
to match specified chronic bacteriuria with ecute flare-ups of urinary 
tract infection. .After establishing: thie , the doctor: established e 


predisposition to CPN, phenacetin abuse. 
4.2 Elimination Strategies 


El imination strategies are invoked.when the doctor wishes to remove a 


hypothesis from active contention. This-aormal ly-means moving the. 


hypothesis to the RULED-OUT eection of the PLIS... (Meving.# hypothesis from 
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LIKELY to UNLIKELY will also be considered an application of an elimination 
strategy. This ie because in the phases ‘preceding ‘the physical exam and 
lab data it is poreal ly not nosalbie: to RULE-CUT or ‘CONFIRM a hypothesis.) 
The most impor tant ‘element of the TOC In deternining uitether elimination 
will be selected is the totai nusber of LIKELY and POSSIBLE hypotheses. 

The larger this number, the greater the ret thood. that etimination will be 
selected. This, however, is not the only cr iterion for the selection of 

_ elimination, The number of separate areas covered by the set of hypotheses 
is another crucial etement. Ae ‘shoun’in’ the ‘anahized protocol, the 
presence of independent GI hypotheses on the POSSIBLE | Het wag a factor in 


the doctor's selection ‘of ‘an atrategy at Question, 4, (The ‘eecondary goal 


was to eliminate GI as a separate, independent problem.). 

Many factors go into the decision as to which hypothesis to eliminate 
after elimination has been selected. The fallaning factors weigh in. the 
favor of a hypothesis being selected for elimination: 


od. The position on the PLIS. Jhe tower | 
down on the list, the more likely the — 
hypothesis is to be selected for cutting, 


2. The increase in the compactness of the PLIS 
"to be gained by cutting a Leyes hesis. 


Wace 


consideration are prefered. 


_ 3. The retationship of the cut findings of a 
peta ee to the current focus. of. questioning. 7 
(Cut findifigs aré those Final gs that are considered 
to be necessary evidence for a hypothesig. or. have. 
@ very high frequency of occurrence in the disease.) 
Hypotheses whose cut findings are. Glogel celated | 
‘tothe group of findings under considéra ion 
are prefered choices for eliminating... 
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If the current focus of questioning is urinalysis 
findings, for example, a. hypothesis that can.be 
eliminated by asking about the presence ef red-cel | 
caste. would be prefered. 
4. The potential decrease in the PLIS density: 
a whale set of hypotheses on the hypothesis fice 
connected through relational .| inks can. be removed . 
by cutting a hypothesis. Cutting a nusospesis that 
has many CAUSE or. COMPLICATION Jinks on the. 4 
PLIS is generally prefered. 
5. The prognosis of a disease hypothesis. The protocol 
analysis revealed that the more serique the disease 
was in terms of difficulty of treatment or having 
@ poor prognosis the more likely the dector was. to 
try and eliminate it. 
6. The number of findings left unexplained by a 
hypothesis. A hypothesis that. leaves many of the 
findings unexplained isa poles choice for 
elimination. sare 
Elimination strategies are characterized by questions about the 
absence of findings that are either necessary evidence for a disease or are 
so. often found if a disease is present that their absence weighs very 
heavily against a disease hypothesis. What distinguishes an elimination 
strategy from a discrimination strategy is that’a finding sought that is 
evidence against the disease hypothesis to be eliminated is not necessarily 
evidence that supports any other hypothesis. on the list. 

The goal of elimination must also be distinguished from the poesibie 
results of exploration. An exploration strategy may have the result of 
eliminating areas of consideration, but since the hypotheses that are 
eliminated were never on the PLIS to begin with, it can not be interpreted 


as an elimination strategy. 
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4.2.1 Direct Elimination 


Direct elimination is similar to direct confirmation. In direct 
confirmation the findings that are sought are thoes that are prina facie 
evidence In support of a hypothesis. In direct elimination the findings — 
sought are prima facie evidence against the hypothes!s. Asking about these 
findings is thus equivalent to asking if the patient does not have the 
condition. Consider the foi touing exeuste taken from Protocol 23 


DO: First I'm going to ask some questions about 
the character of her urinary stream because I’m 
thinking in terme of infection in the lower urinary 
pial Did the patient notice any blood In her 
urine 


Ks No, she didn’t. 


_ Ds That she didn’ t have gross hematuria makes me turn 
away from one possipi tity - that sh might have past 
a stone in association with Infection. She might have 
had a hemorrhagic cyetitie and that sakes Ft unlikely. 


Another example from the same protocol: 


D: The one other thing I might be interested in 
this lady with what you told me is the fact that 
she continued ‘to have white cefls ih her urine. 
Atthough it*s completely consistent with chronic 
pyelonephritis I would be interested in getting 
a YB culture on her" just because of her history 
a long period of time ago. I nould expect them 
to be negative. 


K: TB cultures | were pertorwed’ and were negative. 


A special case of direct elimination occurs when the finding (if 


positive) is sufficient evidence for the hypothesis and if negative is 
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sufficient evidence against the hypothesis. In the annotation of the 
protocols I noted this type of strategy with a top-level! goal of 
Confirm/Eliminate. There are many exauples. Asking if dye could be seen 
in the ureters : if yes, no total ureteral ‘Spatruction, if no, obstruction 
is present. Another example is the urine culture as evidence of active. 


urinary tract infection. 
4.2.2 Indirect Elimination 


Indirect elimination is a class af strategies that have structural 
similarities to indirect confirmation strategies such as case-building. It 
is tempting to call these strategies negative case-bui lding. These 
strategies were not ‘as commonly om in’ the protocols simply because in the 


case we used, they probably were not. needed... _Indinact elimination is 


_ characterized by the following set of subgoals: 


1. Confirm symptoms inconsistent with 
. the hypothesis. a 


2. Confirm the absence of d precipitating 
event, stiological agent. _and. predisposition 


3. Confirm the. absence, af. principal, events 
in the deve Lopmental. scenario. - 


4. Confirm physical exan findings inconsletent 
- Wi th. hypothasis. Leet Z ! 

5. Rule-out (eliminate) the sities vers 
laboratory data,: : 
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Consider an example from protocol 4. The doctor js trying to eliminate 


chronic abdominal! problems: 


O: 
-. WAROR required surgery Tif the paet? 


Ks 
Ds: 
Ks: 
O: 


Ks 
Ds 


Ks 


Has this lady ever had any abdominal complaints 


She had a ‘cholecystectomy ‘arid eppitindec tomy 


seventeen years ser | ler. 


ine this the tiret tine ‘Ke ever had abdominal 


Pree tens: 


- Yee 


She’d never had any trouble ae @ chifd where she. 


_ missed schoo! because of abdominal complaints. — 


ng 3 3: BGisa 


Not that we're aware of, 


Or had irregular boue! movenente--again I'm 
looking... the goa! here”. .ie this a chronic” 
pattern of a person who has. had abdominal. 


‘complaints all their 11 fa’ and had an appéndectomy 


and cholecystectomy done on the bpsl . Of, ust . 
¢hronte: cop leinings Ore Bie indeed at” the ‘dug 
of her cholecystectomy she have gallstones? — 


We don’t have that information, 


As the reader has probably noticed, the interpretation of thie set of 


questions is subtle. It could be argued that the doctor Was trying to 


‘Confirm a developeerital scenario for chronic abdominal problems. The 


reason Or. Kassirer and ! chose to interpret this as indirect elimination 


was the absence of any links made by the doctor to her current symptoms and 


the remarks made by the doctor after the.protocol had been taken in which 


he said that it is very common to age @ pattern of chronic complaints and 


procedures performed without any undertying chronic problems being found. 
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4.2.2.1 Causal Exclusion - An Indirect Elimination Strategy 


An example of indirect elimination isa atrategy called causa! 
exclusion. When a patient. presents with findings. that suggest a mul tiple- 
etiology syndrone, clinical or physiological state such ae nephrotic 
syndrome, renal failure, sodium retention or fubenions ton: a@ set of the 
possible causes may be placed on the PLIS. Depending. on: the place in the 
protocol where the resulting condition is: hypothesized, this list can be 
- very long or quite short. Beeson and NcDermitt, for example, list 44 
different etiologies for chronic renal failure <Beeson and McDermitt 71>. 

A diagnosis must. include the under lying, causa! aseniai ea. As has been 
stated previously this is important for @ number. of. reasons. Among them is 
to separate out treatable causes from untreatable. causes. The mode of 
treatment may ‘also depend on the etiology. 

Causal exclusion is a strategy that is invoked in order to eliminate 
from consideration @ subset of the possible causes of the resulting state. 
This strategy ie characterized by seeking findings. that are consistent with 
resulting clinical state but inconsistent with the cause (or set of causes) 
to be éiininated. An example of causal exclusion can be found in Protocol 
2. | 

O: ....Did she have any history of high blood 

weg pressure? The reason I’m asking that question 
is that in association with certain kinds af | 
renal insufficiency hypertension is a very 


common feature. 


K: No, she didn’t. 
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- Ds The answer to that question leads me away from 
something like chronic glomerulonephritis as 
causing her renal Insufficiency. It’s consistent 
with chronic pyelo. You could have hypertension 

’ or no hypertension. 


4.3 Discrimination Strategies 


Discrimination could be viewed as a form of elimination in that the 

_ goal is to eliminate one ot another of two compating hypotheses. Looked at 
in the other direction, elimination could be seen as a form of 
discrimination, where the two hypotheses to be discriminated are "Has-X" 
and "Ooes-not-have-X." Discrimination strategies, in. fact, do have a 
unique characterization that sets them aside from elimination strategies: 
1. They are applied to pairs of hypotheses. 2. In teres Gi the information 
sought, any evidence that supports ona of hypotheses is also evidence 
against the other hypothesis. Medical books are not very precise in making 
distinctions between elimination and discrimination. Doctors use the term 
differential diagnosis to refer to the combined use of elimination and 
discrimination strategies to determine which of two or. nore diseases with 
similar symptoms the patient has. 

It might be argued that elimination strategies tend to indirectly 
suppor t the hypotheses that remain under Sanaierations If we eliminate an 
alternative hypothesis from a list that is known to be an exhaustive 
enumeration of all possible diagnostic hypotheses we in fact do tend to add 


weight to (at least) a subset of the hypotheses that remain. Of course, 


PAGE S6 


this situation may not occur with with any frequency in real diagnostic 
situations. In the same light, by eliminating all other options but one, 
under the same conditions, we could conclude thet we have confirmed the 
remaining hypothesis. These techniques are clever and no doubt are used by 
most physicians some of the time. In the protocol! analysis, however, I did 
not observe these techniques being used. What was evident, however, was 
that there were tuo different kinds of questions associated with the 
application of a discrimination strategy: 1. Asking as a noncommi ttal 
question for the presence or absence of a Finding or for the value of some 
measure (such as the hematocrit). 2. Asking a set of questions to 


characterize a finding, normally @ sympton. 
4.3.1 Direct Discrimination 


Direct discrimination ie a strategy that hasone form. The finding 
that is being asked about, if positive is considered to be prima facie 
evidence in support of one hypothesis while the negative finding is. 
necessary evidence for the other hypothesis. An example that was found in 
nearly every protocol was to discriminate avi acute froma chronic problem. 
Five out of the six doctors asked for the duration of the nausea and 
vomiting. Nausea and vomiting of long duration Is pr inét'fecte evidence for 
a chronic problem, while nausea and vomiting of short duration is necessary 
evidence for an acute problem. Que to the nature of clinical medicine 


there are not many examples where such a clear cut discrimination is 


“ORE pe ret ge eo SLE ATE ee ne eet os Sees Sage tne 
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possible. : yi 
4.3.2 Indirect Discrimination 


Most discrimination atrategias that Were observed fail into the 
category of indirect discrimination. Indirect discrimination is 
shares tenizes by questions derived icon rutes ‘that. associate the positive 
finding as suppor ting evidence for one hypothesis — negative evidence for 
the competing hypothesis. In Protocol 4 an exanpte of the first form of 
discrimination strategy can be found (+ or - Finding) .” In this example the 
doctor is trying to discriminate a bowel problem from a kidney problem: 
Ds I’m thinking wore of @ Kidney thing than’a | 
bowel thing and I would ask her did she have 
any change in bowel movetients aséociated with 
this {the abdominal paint? Is this a possibility. 
Ki We don’ t have any information about ite 


D: There is no diarrhea that we're aware of? 


Kz We don't have any information about that. 


Just prior to this set of questions the doctor used the second form of 
discrimination (symptom characterization): 


D: I'm feeling ....it would be more likely 
a kidney problem or a ®ladder problem I'd 
be concerned with. I would ask about the 
the abdominal ‘pain....dld the patient describe 
it or where it where Tt is tocated? 


K: The location was said to be in the area of the 
: left flank. 
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. Later on in the protoco! the doctor again returned to the characterization 
of the abdominal pain in order to discriminate the flank pain associated 
with obstruction or renal calculi from the flank pein of (unconp! icated) 
pyelonephritis: 


DO: Did the pain in the flank radiate at all... 
did it move? : 


Kz: It was said to radiate around to between the | 
left flank and the left kidney aoe: 


Ds Did the pain at all radiate down into the 
groin? 


K: She had also nee pein end tenderness 
at times. 


The final example of differential yap tom characterization comes from 
Protocol 2: In this example the docter ie. trying. te discriminate uremia 
from other causes of nausea end vomiting (specifically, GI causes). 


Or: Was she nauseated for siectnele period of 
time? Again I’m trying to charatterize this 
nausea that she had. And the vomiting; was it 
associated with food,.was it -spemtaneous. First 
of all, was she’ sorties nauseated? 


K: She first became nauseated touard..the beginning 
of the i!lness and later on began to vomit. 


D: And was the vomiting associated with eating 
or did she wake up in the morning with nausea 
and vomiting? 


K: I don’t have information about’ that but I can 
tell you she did lose weight during that time. 


Dz: I'm still thinking renal disease end] don’t 
know why at this point...But I was thinking 
with that question in terme of uremia. 
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4.4 Exploration Strategies 


The discovery of a class of strategies sinbeas toes bevel goals could 
nei ther be classified as confirmation nor as a fers..of elimination or 
discrimination was unexpected (even though: it is nat-difficult to imagine 
strategies that are not hypothesis driven.). The top-level goal of 
diagnosis specifies deyaloping a diagnostic hypothesis and then confirming 
it. If anyone hae ever had to repair a.car or a radio there are many times 
when the presenting "symptoms" suggest nothing more specific than “the 
slsctrical system” or “the power supply" and even teas non-specific 
hypotheses might have a low certainty. The strategies that car mechanics, 
radio and TV repairmen use have a certain similarity ta the strategies that 


the doctors used. In the presence of non-specific clues these 


diagnosticians can (and do) use variations of what could be called check- 
| out lists. A check-out list is simply a pre-compiled set of quastions or 
: condi tions to be tested. The nature of these lists is such that in almost 
all. cases they will turn up something that will generate a very specific 
hypothesis. The diagnostician then can either complete the check-out list 
or immediately turn to the hypothesis (or hypotheses). that has been 
generated. These lists can be quite complex; they can contain many. branch 
points and levels of detail. In medicine,. the comprehensive check-out list 
is called a review of systems. | 

The protocol analysis revealed three different intended effects hose © 


top-level goals I have classified as. exploration, They: ares 
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1. Developing a hypothesis in an area where 
there are no hypotheses at present. 


2. Sharpening a hypothesis by making it more 
. -gpeclfie — 


. Chécking for additional probleme fn the: 

presence of a hypothesis structure that is 

already sufficient to°exptain' thie khoun 

findings. 
The use-of the word “area” in 1. ts meant to be very general. It can refer 
to an area of internal medicine such as valvular ‘Heart d\sease or 
carcinomas of ‘the pancreas. It can also réfer to an aspect of the | 
relational structure of a disease such ae complications of urinary tract 
obstruction or causes of rénal failure. It can afso refer to aspects of 
the patient's condition. that cut decréss ail “clinical “categories such as the 
sever ty of the iliness. 

Making a hypothes!s more specific ts what détters generally mean by 
sharpening a hypothesis. It Is not uncommon fora doctor to start with a 
broad Hypothesie euch as chronic renal disease or ‘acute abdominal problem 
and try to sharpen ft resulting In, for example, chrorité Poe Fonephe ithe. in 
the former casé and’ acute pancréstitis If the ‘Ttatter. - 

An important consideration In making a tinat diagnosis is that It 
‘should be “comptete” in the sense of not mldwing any secondary, subsidiary 
or complementary problems of the patient. Even’ though these wight not be 
the major problems (or at least the most obvious ened) ‘that the patient is 
manifesting, “any management decisions about ‘the: patient should ‘onty be made 
wlth as complete @ diagnostic picture @s possible: In ‘the tase that ‘ue 
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used all of the doctors uncovered the secondary anemia and five out of six, 


the metabolic acidosis. 
4.4.1 Direct Exploration 


Direct exploration can easily be confused with direct confirmation or 
direct elimination. As in these tuo strategies it is characterized by 
asking for prima facie evidence - thus it is equivalent to asking if a 
condition is present. It can be differentiated from these two strategies 
by two conditions: 1, The hypothesis being tested is not on the PLIS 
and/or 2. There has been no evidence presented as yet that the condition is 
present. Direct exploration can result in the simultaneous activation and 
either the confirmation or elimination of a hypothesis. ‘This strategy was 
used by one doctor and resulted in uncovering and confirming the patient's 
metabolic acidosis. From Protocol 2: 

DO: Now, in terms of a lady who is presenting 
with uremia with what I think are uremic 
symptoms in association with an acute bactarial 
infection superimposed on chronic pyeto, I'd 
be concerned with her electrolyte status at the 
time of admission as well. 

K: You want to know her Na, K, Cl and C02? 

D: Yes 

K: 148, 3.7, 189 and 12. 

D: Given that information which makes me. think 
she’s got a metabolic acidosis with an increased 


anion gap, I’d like to know her pH just to make 
certain that’s what is golng on. 


PAGE 182 


K: Her pH was 7.18 , PCO2 15. 


Occasionally, direct exploration can use the expert witness method. From 
Protocol! 6: 
Dz: The next question would be had she any history 
of any kidney disease in the past. Specifically 
has she ever been told that she hed a kidney 
disease as a youngster or in the, course. of 
pregnancies or anything of that sort? 


K: She did have a history of difficulties with her 
kidneys in the past. Eaat hs 
4.4.2 Indirect Exploration 


Indirect exploration is character ized by questions der ivedtron rules 


that associate the ‘Finding sought to the activation of a disease 


hypothesis. This strategy can encompass a single dies tion or whole groups | 
of questions. The following example from Protoco! 3 can be considered asa 
single question. The. doctor has invoked: exploration In ender to develop a 

hypothesis in the area of chronic renal disease: | 


Ds: .» Now she literally had nothing else going on 
in the intervening time, is that right? 


K: The history that she gave said that she had no 
serious illnesses during that time. 


D: No urinary symptoms, no abdeminal pain, no 
Nausea, no vomiting? 


Ks That’s correct. ¥ 


D: No bouts of unexplained fever? 
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Ki No unexp|ained fever. 


One area that concerned the doctors uas the severity of her i! iness. 
Question 4 of the analyzed protocol is an example af indirect exploration 
focused on the question of severity. In the next example (from Protocol 6) 
the issue of severity ina previous il inegs Is explored: 

O: Was she hospitalized or that occasion? 
K: Yes she was. Why did you want to know that? 
Di Because I would asoune to some extent the 
severity of her symptoms might be reflected 
in whether or not she was hospitalized. It: 
would give me an indication of not seriously .. 
111 she sae at ‘the time, > * 
The next example shous how Indirect exploration can be used, to develop a 
hypothesis of arly renal failure. Again fron Pratocol & 
0: Was there any modi fication of her diet? 
Kz Not ‘thet ne’ re aware of. 


O: Was there any reduction in the amount of 
protein tn ‘her’ diet? —— 


K: We're not auare of any change in diet. 


If a doctor had found renal insufficiency in the past, one therapy plan 
might include a reduction in the amount of protein the patient. could 

' incorporate in her diet. a has 

The final example of a single-question, indirect exploration strategy 
_ Shows how it can be used to check for epcondery or.,associated condi tions 


(in this case hypertension of renal origin), Again from Protocol 6: 
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D: Also one question I should ask is do you 
have any information about her blood pressure. 
Te her blood pressure elayated during that 
hospitalization or has it ever been? 

‘Kz I'm sorry but I don’t have that information. 

D: I raise that aiadtten now because of its 
association with chronic renal dispasae. . My 


computer tells me that whenever you get chronic 


renal disease you nead to know ahoyt the blood . 
pressure. 


4.4.2.1 The Review of Systems 


The ceview at systems is the best example I found of an. extended, 
indirect exploration strategy. Many doctors consider asking this 
collection of questions to be a routine procedure ‘to be per formed = 
regardiess of any diagnostic hypotheses. "Indeed, the ‘second halves of 
Protocols 4 and 6 were extensive and nearly complete reviews of systems. 
The normal review of systems wit cover: euch arene as the head, ears, eyes, 
nose and throat (HEENT), the skin and. miscular-ekeletonal system, the 
cardiovascular, genitourinary, gastrointestinal and nevrological systems. 
Most doctors will include a history of medications and previous i Inesses 
(although these are usual ly considered part of the medical history). 

As an example of this strategy I will focus on a protocol that, so 
far, has not been used as an example - Protocol 5. This protocol was by far 
the most difficult'one to analyze. Most of the protocol was a review of 
' systems, but one that seemed to be tailored to the case in question. By 


using thie strategy the doctor very effectively uncovered the phenacetin 
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abuse and eliminated the possible abdominal etiology. | The reason for the 
difficulty in analysis was that while each question could be viewed as 
having a confirmation or elimination goal there seensd to be no clear 
hypothesis structure to which to apply these goals. For this reason both 
Dr. Kassirer and I decided that each question was Feal.tg meant to develop 
hypotheses rather than confirm or eliminate them sven thoaok in the process 
of developing a diagnostic hypothesis, the doctor does eliminate certain 
areas of. consideration. | | 
D: I think I'd tike to go to sort of a systenatic 
review of her health to see if we can pick up any 
ancillary information. Had she ever been told 
about .....had she ever “had any probleme with 
her skin? pastes or allergies? 
K: No. 
D: Had she been subject to headache? 
D: She had a long history of headaches. 
K: Was she treated? Did she treat here! f? 


D: Yes, she has taken some medication for some | 
time. 


D: Do we know the nature of this medication? 
K: She took Empirin tablets. 
Ds: How many did she take. 


K: As far as we can tel! she took around & 
tablets a day. 


D: Over what period of time. 
‘Ks For about 15 years. 


D: What I’m concerned about now is whether she has 
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had an abuse of this compound. 


After the history of headaches has been established the possibility of drug 


abuse arising from self medication immediately follows. Chronic headaches 


are associated with hypertension, thus the next series of questions: 


Ds 


Did she have any problem with her blood. pressure? 
She never was told she had high biged pressure. 
Had it been examined? 


It had been examined on numerous accasions some 


time ago. 


How about her vision? 


‘No problems with her vision. 


Has she been subject to seizures? 


* No. 


How about depressions? Paychiatric....? 


- No. 


Had she any problems with her breathing? Any 
shortness of breath, cough? 


No. 
Hemoptysis, chest pain? 


She mentioned that she has had a chronic dry 
hacking. cough without sputum -production. 


Obviously the most cogent thing we've picked up 

in this review is the very. heavy abuee of Empirin 
which I think could well be related to the: problem 
she had with kidney stones. could wed! it faet have 
been a sloughed papilla from papillary necrosis. The 
episode she’s having..now could well represent 
episodes of renal infection or papillary necrosis 


Se es Cae Hig 2b sles ot PE 
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related to phenacetin abuse or anaigesic abuse. 


The doctor ie being a little modest at this point. The hypothesis he 
states is clearly his PDH. The remaining questions can ol ther be viewed 
ei ther as exploration or a weak form of elimination. It was difficult to 
decide because the doctor’s PLIS now contains a very, sharp hypothesis. 


DO: Had she had any problems with cardiac disease 
or angina? 


K: She has no cardiac symptoms. - 

Ds Ankle swelling? | 

K: No. 

D: Aside from this weight loss that she.exper ienced 
with this present iliness, had she had any change 
in her weight over. the past year? 


K: No. 


The focus is now in the area of GI problems. 


Ds: Any problems with her appetite or any “ditticulty 
sual lowing? 


K: No. 


D: Any previous episodes that we know about of 
gastrointestinal upset, any ulcers? 


Ke No. 


DO: The cholecystectomy Was. performed. because of 
“what.... jaundice? Pain? — 


K: I don’t have any information about that. 
D: Bowel habits? | 


K: She has arectocele. She has had a history 


fod wR erie oe 


of severe consitipation more sever since March. 


Was she taking any medicatlon? 


No ahe was not. 


Had she noticed any change in. the color of 
her stool? 


No. 


I want to get a feel for her nenstryal history 
now....onset of menses was....7 


Normal age. 


Does she have any children? 


She has one child who is 35 and well. 


“Old she have any difficulty with that f peemeneut 


Not that we're auare of. 
And was it delivered normal iy? 


I don’t have any information. 


But she didn’t have any inelalon. or. cesarean 


section? 


No. 


eu 


No. 


Well again, I think the main. thing, we’ ve. 
learned from that brie? review of. systens is 


that she’s had this ol genic oF Empirin. 


In Chapter 3 1 discussed diagnostic atyle. 
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- Without any considerations 


of style the preceding diajogue could nat. be explained in a satisfactory 
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way. For another doctor, the hypothesis of phenacetin nepnritis might have 
immediately invoked case-building. In this example, however, the doctor 


continues the review of systems to its conclusion. 
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(FRAME ACUTE-PYELONEPHRI TIS 


(CLASSIFICATION-OF * 
ACUTE EPISOBIC SINGLE-ETIOLOGY INTERSTITIAL, FENAL DISEASE) 


(ULTIMATE-ETIOLOGY-OF x 
BACTERIAL - INFECTION-OF-URINAAY “TRACT 


~ (ULTIMATE-SEQUEL-OF « 
NONE) 


(STORY-OF x 
(ALMOST =ALSAYS 
(ASCENOTNG-PATHWAY-ROUTE SCENARIO 
(BEGINS-WITH (EPISOOE-OF LOWER-URINARY-T 
eee ae eeoe at y 


Fy st 3 


ef (INTERVAL -BETHEEN. 
{EP Leases pret eel ba ial alae 


Tea ae 
(EPISODE-OF KIONEY-INFECTION) 
(EPISODE-OF *)) | 
(BETWEEN (@ DAYS).(4 DAYS). 2 
(COTEMPDRANEOUS ere o ~F 1 NARY-IRACT-INFECT LON) 
lone KTONEY-INFECTION) 


| (EPISODE-OF «)))) 
(OCCASIONALLY 


(DESCENODING-PATHWAY-ROUTE SCENARIO 
(BEGINS-WITH (EPISODE-OF 8LOQ00~BORNE-INFECTION) ) 
((EPISODE-OF BLOOO-BORNE~INFECTION). PROGRESSES-TO 
(EPISODE-DF KIDNEY-INFECTION) ) 
IOCAS LALLY ((EPISODE-OF KIDNEY-INFECTIGN) PROGRESSES- 


TO 
EPISODE-OF LOWER-URINARY-TRACT~INFECTION) ).#- 


{EP 1g006-0F KIDNEY-INFECT ION) CAUSES (EPISODE-OF «)) 
(TIME-PATTERN 
( CINTERVAL -BE TWEEN 
(EPISODE-OF BLOOD-BORNE-INFECTION) : 
(EPISODE-OF KIDNEY-INFECTION) ) 3 
(BETWEEN (8 DAYS) (5 DAYS))) | 
( (INTERVAL -BE TWEEN 
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(EPISODE-OF KIDNEY-INFECTION) 

(EPISODE-OF LOWER-URTNARY-TRACT-INFECTION) ) 
(BETWEEN (@ DAYS) (3 DAYS))). 
(CINTERVAL-BE TWEEN 

(EPISODE -OF KIDNEY-INFECTION) 

{EPISODE-OF »)) 

(BETWEEN (@ DAYS) (3 DAYS)))) cri 

(COTEMPORANEOUS ree ee 000-BDRNE-IN 
EP (SOE SF SOY INET 


(PISO OF m4 
(COMMON-FEATURES — Pea 
‘SELF-LIMITED-WI TH-TREATNENT | 
SYMPTOMS-SELF.~LIMI TED 
(TIME-DURATION (EPISOOE-OF x). (BETWEEN (2-QAYS) (14 DAYS) )) 
(TYPICAL-TIME-DURATION (EP1SQQE-DF a & QAYS) }) 


(SEQUELAE 
(OCCASIONALLY. {CHRONIC-RAGTERIURIA OR. 
WEAKNESS 
(PROTOTYPE-OF x 


~ (PATIENT-DESCRIPTION-REVEALS’ (SEX FEMALEN) | 
(SYMPTONATIC-HISTORY-REVEALS 
( (ONSE 


T-OF 
(CONSTELLATION (HIGH FEVER OR. ‘SHAKING CHILLS) 
(ACHING -FLANK-PAIN OR SEVERE FLANK-PAIN 
: OR ACHING | 


r “PAIN OR SEVERE CVA-PAIN)) 
(BETWEEN  (3-HOURS) (2 DAYS))) 

AND (SYMPTOMS-OF BLAOOER-IARIZATION))) 
(PHYSICAL-EXAMINATION-REVEALS. C¥A+ TENDERNESS) 
(LABORATORY-TESTS-REVEAL (RYUREA-AND 

POSITIVE G GRAM-NEGATIVE URINE -CUL TURE AND 
TE-BL0QB-CE STS.-AND 


ERE! aA SHIFTED-TO-LEFT))) 


(SUFFICIENT-EVIOENCE-FOR . {EPISO0E-OF «) 
(FEVER ANO PYURIA ANDO POSITIVE URINE-CALTURE) 


(ASSOC I ATEO-CONSISTENT-FINOINGS-IN x 
(SYMPTOMATIC-HISTORY-REVEALS . 
({USUALLY (MALAISE OR WEAKNESS) ) 
AND 

(OCCASIONALLY (ABDOMINAL-PAIN OR 

BACKACHE OR 
LUMBAR-PAIN OR. 

(NAUSEA AND VOMITING). oR 
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CONSTIPATION te 8 es 
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(RARELY LIGURIAN) os | 
Hist ae TOUS-ILLNES 


(oe In ‘ 
(EPISOQE-OF 11197). ' 


~ (PHYSICAL-EXAMINATION-REVEALS - 
— CUUSUALLY (NORMAL BLOOO-PRESSURE “AND 


PDD RT el Te 


, (OCCASIONALLY. SEP REESE. 
(LABORA TORY-TESTS-REVEAL 
{ (USUALLY ee no 


Roe Sect eee oe 


She P-CULTURE)) ee 
(OCCASFONALLY. (ENLARGED -KTDNEY, on We ine 


“HEMATURTAD IF” 


(ASSOCIATED-DISEAGES-0R-STATES-OF * 
(COMPLI CAT FON< DP -URINARY-TRACT-OBSTRUCTION) 
(COMPLICAT LON.-OF ‘CHAD perme NEReITIS) 
(COMPL ICATION-OF 
ba ga PAPI 
(COMPLICATI 
(COMPLICATION Neng ye 
(COMPLI CAT 1 ON-OF ane 
(COMPLI CATED-BY BACTEREMIA? 


(PREDISPOSITIONS-T0 x 
DIABETES-MELL I TUS 
PHENACETIN-ABUSE 
CHRONIC-BACTERIURLA 
POTASSIUM~DEPLE TION 
URINARY - TRACT-OBSTRUCTION 
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URINARY- RAT AA ROLES 
URINARY-TRACT- INSTRUMENTATION 
REAL ALCL te 


PREGNANC 
SICKLE-CELL-TRAIT) 


(x PRESENTS-AS 
({USUALLY ((SYHPTOMS-OF BLADOER- IRRITATION) aD 
: : SYSTEMIC-FANIPESTATIONS<OF= ereerN oR 
(OCCASTONALLY (FEVER OF CHTLLSY! ne Manis Oh 
(OCCASIONALLY (LUMBAR-PAIN OR cue : 


(TREATMENT-FOR « PARENTERAL ANTIBIOTIC” 


(HEURISTIC-RULES-FOR x - 
(IF (CHRONTC-RENAL-DISEASE OR - URINARY-TRACT-OBSTRUCTION) 
(USUALLY {HISTORY-OF (ONE -OR-NORE-OCCURRENCES-OF 
((EPISQOE-OF «) OR (EPISODE-OF URINARY-TRACT-INFECTION) ))))) 
(IF (ACUTE HYPOTENSION AND (FEVER OR CHILLS)) | 
(CONSIDER BACTEREMIC-SHOCK) ) 
(IF (HYPERTENSION OR EDEMA) 
(CONSIDER ({RENAL-FAILURE AND CHRONIC-RENAL-DISEASE) OR 
ACUTE-GLOMERULONEPHRITIS OR 
CARDI OVASCULAR-DISEASE) }) 
(IF ((ABDOMINAL-PAIN OR (NAUSEA ANO VOMITING) ) 


AND 
(NO PYURIA AND NEGATIVE URINE-CULTURE) ) 
((RULE-OUT (EPISODE-OF «*)) AND (CONSIDER (APPENOICITIS 
OR CHOELECYSTITIS OR PANCREATITIS)))) 
(IF (HIGH BUN OR HIGH CREATININE) 
(CONSIDER (RENAL-FAILURE OR CHRONIC-RENAL-DISEASE) )) 
- (IF (FEVER ANO LEUKOCYTOSIS AND (FLANK-~PAIN OR CVA-PAIN) 
AND NO PYURIA) 
(CONSIDER RENAL-ABSCESS) } 
(IF (FLANK-PAIN RADIATES-TO (UPPER ABDOMEN OR BACK)) 
(CONSIDER PERINEPHRIC-ABSCESS) ) 
(IF SMALL-KIDNEY (CONSICER CHRONIC-RENAL-DISEASE)) 
(IF SCARRED-KIONEY (CONSIDER CHRONIC-PYELONEPHRITIS)) 
(IF (LOW HEMATOCRIT OR LOW HEMOGLOBIN) 
(CONSIDER (RENAL-FAILURE ANO CHRONIC-RENAL -DISEASE) )) 
(IF ((HIGH BUN OR HIGH CREATININE) ANO (DECREASED SKIN-TURGOR) ) 
(CONSIDER PRE-RENAL-AZOTEMIA) ) 
(IF ANURIA 
(CONSIDER ACUTE-RENAL-FAILURE OR URINARY-TRACT-OBSTRUCTION) ) 
(IF OLIGURIA 
(CONSIDER URINARY-TRACT-OBSTRUCT ION) ) 
(IF (URETERAL-PAIN OR (FLANK-PAIN RADIATES-TO GROIN) ) 


ee RRL REE NE EDRs Sone ee eS 


(CONSIDER URINARY-TRACT 08 TAU 
(IF (HISTORY-OF (ONE~OR-HORE. 
( (EP 1 SOOE-OF LRA -TNC Iie. 


(EPISQDE-OF »)))) 
(CONSIDER CHRONIC-PYELONEPHRI TIS) ) 


(IF coaigen eesti 
CONS EGER . (PHEN: TiNAERATS 8 #0 F¥P ILL AY AECHOSIS))) 
(IF ((RENAL-VASCULA DASE OR 


(FLANK-PAIN AND vemiuaiay” -% 


(CONSIDER PAPILLARY. §)). 
(IF (TIME-QURATION CURRENT Con YOMS (> (3 WEEKS))) 
(CONSIOER ENE ee Tie) oes = 
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Presented below is a set of descriptors that can be used as a basis 
for the internal diagnostic configuration of a presant illness program. In 
constructing this set I have attempted to include every consideration that 


could be inferred from the protocol analysis. 


The Patient Mode | Component 


The information in this subcomponent is not specific to any one 


hypothesis or subset of hypotheses, but is. inatead @ collection of 


_ descriptors about the general medical statue of the patient. 


Need-for-Immediate-Treatment (IMTREAT) - The, dactor’s primary concern is 


with the well-being of the patient. This must be reflected in a present 


tliness program. This is the key variable in determining if the choice of 
focus will be on an emergency situation. The possible vaiues for this 


variable are UNKNOWN, CONFIRMED, (STRONG, WEAK) -EVIDENCE- (FOR, AGAINST} . 
Reason-for-Immediate-Treatment (RMTREAT) - The evidence or finding that 


_ Suggests the need for immediate treatment, This can be.@ specific disease 


hypothesis or finding. Examples: Gl-Bleeding (FINDING MELENA), 


Dehydration (FINDING SKIN-TURGOR-DECREASED) , Shock (FINDING SEVERE- 


HYPOTENSION) . 
Nature-of-Treatment (NMTREAT) - How the condition should for could) be 


treated. Once there is strong evidence for the need for immediate 
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treatment, @ eet of possible therapies is made the value of this variable. 
Example: IV fluids for dehydration. 


Caveats-Avainst-Treatment (Cit! 


PAT) - 1¢ there are any caveats such as 
contra-indications or possibie Complications In the consideration ot a 
treatment assigned to NMTREAT, they are made the value of this variable. 
Clearly, the focus of the strategy will be to inquire about these if the 
need for immediate treatment hae been ested! ished. 
Caveats-Explored (XMTREAT) = A -thag te-speci fy if the caveats have been 
explored. stg 
Prognosie-tf-Treatment-Given (PTREAT? ~ Future questioning will be 
affected by the ‘prognosis and expected results of therapy for the condition 
needing immediate treatment as this isa’ factir in determining a total 
management plan for the patient. Values for this variable are POOR, GO00 
or UNKNOUWN. = _ 
Information Sources 


Sour ces-of-Informatior-Avai lable 7 = The choice of strategy is 


influenced by what sources of information’ about the patient are aval lable. 
Sources can range from the patient himse! #;, to the patlent’s frlende. and 
relatives, the LMO,a emali regional hoepital or a large teaching hospi tal. 
This variable is a list of al! known sources of Jnférmation that are 
available for this perticuler patient. 1% @ ductor reeds an expert opinion 
about the patient’s past medical history he might ask if shé hee ever been 
hospi tal ized. . eer 


Credability-of-Information-Sources (CRED) s Astociated with each source of 
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information is a measure of its credabi lity. This can be known a priori by 
the doctor or it can be computed based on the data that is reported from 
_ the source. If clearly contradictory data is reported, the source’s 
credabi lity may be in doubt. In one protocol, after the doctor found out 
that the source of the information he wanted as a certain hospital with a 
questionable reputation, he tended to discount much of ‘the hospital record 
repor ted. site 2 = 
Prefered-Information-Sources (PSOURCE) - A liet of the information sources 
in order of preference. Expert witnesses such as recognized specialiste or 
_ consultants will have a higher preference than Lis. This list can not be 
computed directly from the credabilities, as some them might not be known. 
Thus, this list can consist of an ordered List of unordered sublists. 
| Findings Subcomponent | 

The findings subcomponent consists of infornation about the features 
of the findings that have been reported. These features are independent of 
interpretation with respect to a disease hypothesis; the primary concern 
is with the findings as objects of consideration by themselves. 
Any-Finding-Life-Threatening (FLIFE) - Thies flag is turned-on if a reported 
finding is potentially life-threatening. (The variable RMTREAT can be set 
to this variable.) A condition such as a high gerum-cholestero! level is 
life-threatening over a long perlad of time while bleeding is immediately 
life-threatening. For this reason the variable values are NOW, SHORT-TERM 


and LONG-TERM. 


Di fferential-Net-for-Any-Repor ted-Finding (FNET - Many symptoms are 


OP ERs : aE Vat cet cet aa eee ase ge 7 oiete . 2s Reggie serigess ceed 
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associated with a differential discrimination net based on their dimensions 
of characterization. The nodes in such a net point to different disease 
hypotheses. A Common discrimination strategy used by doctors is to run 
doun one of these nets for a particular finding. For example, symmetric 
periorbial saens is suggestive of nephrotic syndrome while asymmetric leg 
edema Is suggestive of cellulitis. This flag specifies if any of the 
reported findings has such an associated net. 


S} « Most findings can be 


associated with a particular organ system of the body. For example, 
nausea, vomiting, melena and diarrhed are “aesociated with the GI system, 
while Gouttes and rales are siecctated with the respiratory system. Some 
findings, such as weakness and fever; have no such association. this flag 
indicates if the majority of the findings are specific to any particular 
_ organ system, It can play a role in the selection of an exploration 
strategy in. the absence of any LIKELY hypotheses. | 
Speci fici ty-of-Two-or-Hor'e-F indings-Identical (SPECS) - Certain findings 
are almost always associated with certain diseases or disease claeses. For 
example, squeezing chest pain is almost sivays eesociated with heart . 
disease. This association will, of course, be refelected in the hypotheses 
structure. This flag specifies if two or more findings have the identical 
association. | | 

Individual Findi scriptors 
Einding-Classi fication (FCLASIF) - Findings are classified as symptoms, 
historical events, physical—exam or {aborstory date. 
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Source-of-Findin {ESOURCE) - ~ Patient, ues ‘hoepi tal, perce ds etc. 


F inding-Credat iit (FORED) Een a 


Di fferential-Net- ~for Finding ( (FONET) . 
Speci tic-Disease-Associations (FSPEC) . 


“The first ‘ext of descriptors characterizes the ‘nypothesis list. in terms 


of density, specificity and compactness. — The under iying nosology. is a 


“Nierarchical KIND-tree ‘such as. yee a, Ou, Pople Pople been 3, fabs h 


density, of the ‘rypothesie | list the number of F hypotheses in active 
consideration) plays an impor tant role in strategy selection. A lou 
density implies the use of confirmation strategies, a high densi ty, 


elimination and a zero density, exploration. 


{LELSL, Lous) - . The specificity of a 4 typothesie, is the. umber of eeparate 
diseases to which it can refer. For, exguple._¢ bupethesis of regional 


enteritis can refer to Chron’s disease or regional ileitis, in a KINO- 
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tree, the classification level is the height (number of levels) of the node 


from the fringe of the tree. This measure tends fo indicate the nuiber of 
different discriminations that would have to be nade to arrive at a more 
specific disease diagnosis. The spread betuesn the highest and lowest 
levels is a factor in deciding betieen discrimination and elimination 
strategies. For example, if the spread ie tarwe as in a hypothesis list 
containing heart disease, liver disease and acute glomerulonephritis , an 
elimination strategy aimed at heart or liver disease might be appropriate. 
Whereas, if the spread is smal! such as with penal dieades; heart disease 
and liver disease, discrimination might be indicated. 
Number-of-Nodes-Covered-by- (LIKELY, POSSIBLE) Hypotheses (LNODES, PNODES) - 
The total number of nodes covered by the hypo theses can be used in deciding 
between discrimination and elimination. A small covering fite better with 
discrimination wtrategios: while s large covering i@ better suited to 
elimination. The covering is an indicator of the total range of diagnostic 
options that must ultimately be considered, In selecting a hypothesis to 
eliminate, the larger the covering the better the hypothesis is as a choice 


to cut. 


Hypotheses (CLANL, CLANP - The compactness of the hypothesis list’refers 


to the range of different areas covered by the hypotheses. This is 
reflected by how high up the disease classification tree one must go to 


find a common ancestor. Elimination strategies are suggested by high 


PAGE 123 © 


values and discrimination strategies by low values... 


hypothesee; they are ordered by absajute score and. glesai fled.by rglative 
. score: . 

((CQNFIRMED-L ist) (GATISFIED-List) 

(LIKELY-Liet) ‘(POSSIBLE-L iat) 

AUNLIKELY-List) (RULED-OUT-List)) 
The first entry on the LIKELY-List is called the Principal Disease 
Hypothesis (POH). os ee Ee 
Hypo theses-Structure-Graph_(#HYGRAPHx) - A grapti ‘ef the relational 
‘structure of the hypothesis ‘list. Links inctude CAUSE, COMPLICATION, and 


” 


graph are practasdified because of their relative importance in strategy 
sélectton.’ In this particular Nattern, ‘ond Hypotileats ‘te a conssauenee of 
another hypothesis that is believed true. ° The effect on strategy selection 
might be ‘to force a confirmation strategy aimed at the cause or 
complication that will seek explanations for inconsistent ‘data (if any) or 
attempt to match uncommon scenarios (if nacedsiryl in’ order to satisfy tne: 


‘confirmation goal. 


POSSIBLE-Hypothes!s (SCCLP) - This is the reverse of the previous 
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situation. Urinary tract infection is a hypothesis that is easily 
confirmed. It ie, however, very commonly @ complication of another 
clinical condition such as obstruction. A doctor might hypothesize the 
generating condition even if there is no direct evidence for it as yet. He 
might then try to confirm or eliminate this new hypothesis. The effect on 
strategy selection might be to force the focys to be shifted to this new 
hypothesis regardless of its order on the #LISs. (See Question 11 in 
Chapter 2.) ; : ae 
Combined-Hypothesis (COMB) - A combined hypothesis ie two or more unrelated 
. diseases hypothesized together as,.a diagnosis. The. effect on strategy 
selection might be to favor exploration strategies..in order to devalop 


alternative hypotheses (If it is the only LIKELY or POSSIBLE. Aypethesis). 


$ sten-Claesi fication {SY TEM) - = “The systems, considered are SI, 
Cardiovascular, GU, Respiratory, Neurological, Hepatic, Hematopoietic, 
Endocrine, and Bone-and-Joint. Any specific subsystem (such ae the thyroid 
of the Endocrine system) is also noted. If nul tiple organ systems are 
ravolved the value would be MULTIPLE followed by a list.of the systems. 
For example, for Wilson’s disease the value would be (MULTIPLE 

(NEUROLOGICAL BRAIN) (HEPATIC LIVER). 

Disease-Cl inical-or-Physiological-State (OSCS) - Each hypothesis is tagged 
with its basic clinical classification. These are. disease, clinical-state 
or physiological-etate. Chronic renal, feilure is a cl inicei se tata le 


sodium retention is a physiological-state. 
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Acute-Staged-Chronic (ACP) - A hypothesis is classified as being either 
acute (single-phase), acute-staged (multiple-phase) or chronic. Examples: 
acute - APN, acute-staged - AGN, chronic. -~ CPN. e | 
Episodic-Non-Episodic (EPSIQ) - this variable epeci fies if the hypothesis 
is episodic or not. Focal GN and malaria are episodic diseases. 


Single/Multiple-Etiology (NETIOL) - Classifies. the hypothesis as either 
single or multiple etiology. Examples: Single-Etiology - Rubella, 


Multiple-Etiology - Acute pancreatitis. 


Treatable-Not-Treatable (TREAT) - If there is a known treatment for the 


hypothesized disease. _ 


REAT) - If the etiology is a factor in 


determining the nature of the treatment, for multiple-etiology conditions. 
Differential-Relatives-on-Hypothesis-List (OIFFR) - Indicates if any 
diseases that can be eliminated through dltterential diagnosis of a key 
symptom (already reported) are present on the hypothesis list. 
Absolute-Score (ABSCORE) - A score reflecting the evaluation of the 
hypothesis frame, Normally, a weight-of-evidence measure. 
Relative-Score (RELSCORE) - A score used to classify the hypothesis as 
CONFIRMED, LIKELY, etc, ¢ ; 

Hypothesis-Summary (#HYSUMx) - The state of a hypothesis with respect to 
the reported findings. The summary consists of tuo: parts, the. scenar lo 
summary (for a chronic disease) and the prototype summary (for al! acute 
and most chronic diseases). For acute-staged diseases, the prototype 


summary would be a set of prototype summaries.. The. structure of this 
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variable is the following: 


(HYPOTHES! S-SUMMARY 
(SCENARIO-SUMMARY 
(PREREQUISI TES-VERIFIED) 
(EVENTS-REPORTED-IN-AGREEMENT). 
(EVENTS-REPORTED-1N-DISAGREENENT) - 
(EVENTS-NEEDED-BUT-NOT-YET-KNOWN) 
(EVENTS-KNOWN-BUT-NOT-YET-NEEDED) 
(EVENTS-TESTED-BUT-REPORTED-UNKNOLN) } 
(PROTOTYPE -SUMMARY 
(F INDINGS-REPORTED-IN-AGREEMENT) 
(F INOINGS-REPORTED-IN-O1SAGREENENT) 
(F INDINGS-NEEDED-BUT-NOT-YET-KNOMN) 
(F INDINGS-KNOWN-BUT-NOT-NEEDED) 
(F INDINGS-TESTED-BUT-REPDRTED-UNKNDWN) ) ) 


If a reported finding (event) is not part of the prototype (scenario) but 
"is considerad consistent with the hypothesis it is classified ae known but 
not needed. It it is inconsistent with the hypothesis | it is classified as 
known but in disagreement. 

Direct-Confirmation (DIRECT) - If there is a finding that can be used to 
directly confirm the hypothesis (prima facie evidence). For example, a 
positive urine culture directly confirms a ur tiany-4bact Infection. 
Direct-Elimination (ELIMD) - If there is a findiAg that can directly 
eliminate (i.e. rule-out) a hypothesis (necessary evidence). 

ELIMO=01RECT (CUTCON) - If the same finding can be used to both directly 
confirm or directly eliminate the hypothesis. 

Special-Strategy (SPSTRAT) - If there is a special strategy associated with 


* 


‘the hypothesis. 


* The Current Status Component — 


The current status component is’a description of hon the diagnoser 
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views himself in carrying out a specific present iliness. This component 
plays the role of defining what is normally considered the.state of a 
process. 


Process State Descriptors. 


Current-Present-I! Iness-Phase (PHASE) - The section of, the present i!iness 


currently being performed. The sections are: 

1. Symptom discovery and characterization. 

2. Past medical history. © . 

3. Social and family hiatory (eptional).. 

4. Physical examination. ato 

S. Standard laboratory teste. 

6. Complex diagnostic procedures. . 
Review-of-Sustems-Fiag (RSYSF), Review-of-Systems-Pointer (RPOINT) - If a 
review of systems is currently being conducted (RSYSF). ‘The section of the 
_ Review corresponding to the current present i1Inese phase (RPOINT). 

Strategy Descriptors 

Strategu-Frame-for-Current-Question (SFQ) - The instantiated prototype of 
the strategy frame from which the current quéstion has been derived. 


Current-Goal-Tree (xGOALTREEx) - A specification of the goal-tree resulting 


from the binding of the strategy components of the strategy frames. There 
are tuo varieties of root nodes: entry and continuation nodes. An entry 
node is the top node of the subtree generated by a strategy frame. The 
expansion of an entry node includes the name of the strategy frame, the 
top-level structural and bound goal anda flag specifying the ANO/OR 


structure of its immediate descendants: A continuation node is a root node 


that is not an entry node. The expansion of a contiruation node includes 
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the structural and bound goal and an AND/OR flag. | 
The expansion of a ieaf node includes the structural goal, the bound . 
goal, the method and the question. For example: 


(L1 ( (STRUCTURAL ~GOAL 
(CONFIRM (DECREASED-FUNCTION ORGAN-SYSTEM) )) 
(BOUND-COAL 

(CONFIRM (DECREASED-FUNCTION KIONEY))) 
(METHOO 
(IF -THEN (CREATININE 1, cM 
(OECREA j 


(QUESTION 
* (CREATININE VALUE?)))) 


ON KIDNEY))) 


Also included in the expansion of a leaf node is the expected answer 
(if any). This is to decide if the goal. has bean satintied. Goals are 
marked as satisfied, not setiafied or partially satisfied. 
_ = The questions of the leaf nodes are 


arranged in a list corresponding to the. ‘phases of the present i|iness. 
Within each phase the questions are ordered by the left-to-right sequence 
of the original goal-tree. If the goal tree undergoes transformations, 
this variable is secveunorstiaaly updated, 
Phase-Transi tign-On-Next-Question (PHTRAN) ~ If the next question to be 
asked represents a phase transition. Under certain circumstances this can 
cause the current strategy to be recomputed due to the desirabjiity of not 
having to return to a previous phase. te | 
| Predicates on IDC Varia! 
To facilitate the matching of terminals of the strategy frames to the 


_ variables of the 10C a collection of predicates. (in addition to the normal 
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jogical operators) is required. 
- | 4a thesis List Predi ates ae 
(LINKS <into out-of» Node-Set Num) - The value of this predicate is TRUE if 
the number of links into (out-of) the collection of nodes specified by 
Node-Set is equal to Num. 
(LINK-TYPE Node-Set Type <into out-of>) - TRUE if any of the links into 
(out-of) the Node-Set are of the type specified. | 
(MxPLISx List) - The genera! hypothesis-/ist natching predicate. List 
specifies a sample hypothesis list to be matched against the current 
wPLIS«x. Examples 
(MaPL Sx 
((LIKELY NONE) 
(POSSIBLE {< 2)))) 
This will match any hypothesis list with no LIKELY hypotheses and tuo or 
less POSSIBLE. hypotheses. 
(MwHYGRAPH®: Graph - A predicate for testing the hypotheses structure 
graph. For example: | 
(Mati¥GRAPH« 
(AND (COMPLICATION-OF (1 POSSIBLE) PDH) 
(CAUSE-OF 1 (2 POSSIBLE)))) 
will test if any POSSIBLE hypothesis is both a complication of the POH and 
a cause of some other POSSIBLE Kapothesie. 
Goal-Tree Predicates . 


(NUMBER-OF <entry continuation leaf> <above belou> Anchor Num) ~ This 
predicate is TRUE if the number of the type of node specified above or 
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below the Anchor node is equal to Num. 
(MxGOALTREEx Tree) - The general goal-tree matching predicate. Tree is the 


pattern to be matched against *xGOALTREEx. 
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